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S e sq u iac e ta ls  and t h e i r  re d u c tio n  •products» -  The s e s q u ia c e ta ls  s tu d ied  
in  th i s  in v e s t ig a tio n  were the  2 -iso p ro p y l-4 -a ry l-5 ,5 -< iin ie th y l~ 6 -h y d ro x y -l,5 - 
d ioxanes, which were prepared  by the  b a se -c a ta ly z e d  re a c tio n  o f is o b u ty ra l­
déhyde w ith  arom atic a ldehydes, such as benzaldehyde, cuminaldéhyde, and 
_2“te r t-b u ty lb e n z a ld e h y d e .
These compounds were d isso lv ed  in  a lcoho l and liydrogenated a t low p ressu re  
in  the presence o f Raney n ic k e l , and gave high y ie ld s  o f 2 ,2 -d im e th y l- l-a ry l-  
1 ,5 -p ro p an ed io ls . I t  was found th a t  the presence o f a  sm all amount o f a c e tic  
ac id  and e lev a ted  tem peratu res ( 60- 00°) were necessary  to  achieve a p ra c t ic a l  
r a te  of hydrogenation . Under th e se  co n d itio n s  the  i n i t i a l  a c id -ca ta ly z ed  
eq u ilib riu m , norm ally tem perature dependent, between the  sescpuiacetals and 
th e i r  a ld o ls , the 2 ,2 -d im e th y l-5 -e ry 1-5-hydroxypropanels, was involved  in  the 
hydrogenation p rocess .
A h ig h ly  e f f i c i e n t  and convenient sy n th es is  f o r  2 ,2-dim eth y l - 5 - a r y l - l -  
propanols was de'veloped by the p a llad iu m -ca ta ly zed  hydrogenation  of the  1 ,3 - 
d io ls .  The hydrogenations were c a r r ie d  out in  e th y l a lco h o l a t  the tem per­
a tu re  and p ressu re  c i te d  fo r  the  s e s q u ia c e ta l  hydrogenations, and gave near 
q u a n ti ta t iv e  y ie ld s  o f c r y s ta l l in e ,  low -m elting a lc o h o ls . Two o f the 
a lc o h o ls , 2 ,2 -d im e th y l-5 -(£ -iso p ro p y lp h en y l)- l-p ro p an o l and 2 ,2 -d im eth y l-3 - 
(_ £ -te rt-b u ty lp h en y l)-1 -p ro p an o l, were prepared f o r  the  f i r s t  tim e.
A ddition  re a c tio n s  of isobu tenv lbenzene. -  The a d d itio n  o f hydrogen 
bromide to  isobutenylbenzene was found to  y ie ld  only one product, l-p h e n y l-2 - 
methyl-2-brom opropane, w hether the  re a c t io n  was c a r r ie d  out in  the presence o r  
absence o f peroxides and oxygen. The io n ic  a d d itio n  o f hydrogen bromide i s  
p a r t ic u la r ly  in te r e s t in g  from the  s tan d p o in t o f carbonium ion th eo ry , f o r  the
VI
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t e r t i a r y  benzyldim ethylcar'boniuin io n  must be formed p r e f e r e n t ia l ly  to  the  
secondary phenylisopropylcarboniura ion  to  account fo r  th e  a d d itio n  p roduct.
This i s  the rev e rse  o rd e r o f s t a b i l i t y  u su a lly  assigned  to  carbonium io n s .
The f r e e  r a d ic a l  a d d itio n  o f hydrogen bromide a lso  gave the same product 
ob ta ined  by the  io n ic  a d d itio n  o f hydrogen bromide to  isobu tenylbenzene.
Formaldehyde was added to  isobutenylbenzene as in  a  P rin s  re a c tio n , and 
the  product o b ta ined , 5»5-cL im ethyl-4-phenyl-l,5-dioxane, supported the  course 
o f io n ic  a d d itio n  e s ta b lish e d  w ith  hydrogen bromide.
In  th is  in v e s t ig a tio n  a new method of prepai’a tio n  o f isobutenylbenzene 
was developed, which e lim in a ted  the form ation  of isom eric  by -p roducts , c h ie f ly  
5-phenyl-2-m ethylpropene, th a t  are  common to  e x is t in g  methods. The procedure 
involved  the  dehydra tion  o f l-pheny l-2 -m ethy1-2-propanol w ith  co ld , 80̂ o 
s u l f u r ic  ac id  and gave 80-05^ y ie ld s  o f e s s e n t ia l ly  pure isobu teny lbenzene.
R eactions o f cyclopen taned iones. - The re a c tio n  o f n-araylmagnesium 
c h lo rid e  w ith  ^ -m ethy l-1 , 2 -cyclopen taned ione , which e x is t s  as an eno l, v/as 
s tu d ie d  as a  p o ssib le  sy n th es is  o f dihydro-.iasmone (2-am yl-)-m etliy lcyclopent- 
2 -e n - l-o n e ) . The t e r t i a r y  a lco h o l formed underwent dehydration  to  y ie ld  a 
b in a ry  m ixture of exo and endo u n sa tu ra te d  p roducts . Hydrogenation o f th i s  
m ixture over a palladium  c a ta ly s t  gave a s in g le  compound, 2-n-arayl-5-m ethyl- 
cyclopentanone, in s te a d  of the  expected te tra liy d ro -.jasmone. The s t ru c tu re  of 
th e  s t a r t i n g  m a te r ia l, rep o rted  to  be $ -m eth y lcy c lo p en t-2 -en -2 -o l-l-o n e  when 
th i s  in v e s t ig a tio n  was begun, was shown to  be in c o r re c t .  The tru e  s t ru c tu re ,
5 -m e th y lcy c lo p en t-2 -en -2 -o l- l-o n e , was subsequently  e s ta b lis h e d  by both in f r a ­
red  and n u c lea r magnetic resonance s p e c tra , which were in  complete harmony 
w ith  the  new s tru c tu re  proposed.
V ll
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1,3-C yclopentanedione was syn thesized  in  th i s  in v e s t ig a t io n  fo r  a lk y l­
a t io n  s tu d ie s  w ith  n-amyl bromide and w ith  2 -p en tyn l bromide. The carbon- 
a lk y la t io n  products from these  re a c tio n s  would be valuab le  as in te rm ed ia te s  in  
th e  sy n th es is  o f d ihydro-.jasmone and c i s -.jasmone (2-am ylidene-3-m ethylcyclo- 
p e n t-2 -e n - l-o n e ) . The a lk y la t io n  w ith n-amyl bromide, however, gave only the 
o x y g en -a lk y la tio n  p roduct, 3 -pen to x y cy clo p en t-2 -en -l-o n e . The r e l a t iv e ly  more 
a c tiv e  h a lid e , 2 -p en tyn l bromide, gave only a  sm all y ie ld  of the carbon- 
a lk y la t io n  p ro d u c t, 2 - (2 -p e n ty n l) -e y e lo p e n t-2 -e n -3 -o l- l-o n e ; the  predominant 
p ro d u c t, 3 -(pen‘fc-2-ynoxy)-cyclopent-2-en-l-one, was d e riv ed  from oxygen- 
a lk y la t io n .
v i i i
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SESQUIACETALS AND THEIR REDUCTION PRODUCTS
Sesqulaceteils of th e  g en era l form ula ( l )  have been u t i l i z e d  in  th is  
in v e s t ig a tio n  f o r  h igh y ie ld ,  low p ressu re  c a ta ly t ic  hydrogenations lead in g  
to  1 ,5 -d io ls  o f the  g en era l foimiula, ArCHOHC(CH^) 2CH2OE ( l l ) ,  and u lt im a te ly  
to  2 ,2 -d im ethy l-3“ary1 -1 -propanols o f th e  s t r u c tu r e ,  ArCHgC( CE^) gCHgOS ( i l l ) .
The s e s q u ia c e ta ls  in v e s t ig a te d  here  a re  the  mixed tr im e rs  r e s u l t in g  from 
the  base ca ta ly zed  re a c tio n  between isobu ty ra ldéhyde and an a ry l  aldehyde.
ArCH=0
Ar-CH-C-CH=0 ± (CH^)2CHCH=0
(C H ^)pC H C H =0
OH
(CH5)2CHCE=0









(C H ;)2C H ^ H -C -C H 0H
nrrH
H(0E;)2
l a  Ar = CgH^-
Ib  Ar = p- ( CH;) 2CH-CgEy -̂
lo  Ar = p - ( CE;) ;C-CgH^-
The f i r s t  o f th e se , 2 -iso p ro p y l-4 -p h e n y l-5 ,5 ”d im ethy l-6 -hydroxy-l,3 -d ioxane  
( l a ) ,  a  mixed tr im e r  o f isobu ty ra ldéhyde and benzaldehyde, was is o la te d  and
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1 2 re p o rte d  some s ix ty  y ea rs  ago, although  the  c o rre c t c h a ra c te r iz a t io n  of
th i s  compound as l a  was made y ears  l a t e r .  The s e s q u ia c e ta ls , syn thesized
and hydrogenated in  t h i s  in v e s t ig a t io n  were: 2 -isop ropy l-4 -pheny l-5»5 -
2
d im ethy l-6 -hydroxy-l,3 -d ioxane  ( l a ) , prepared from isobutyra ldéhyde and
benzaldehyde; 2 - iso p ro p y l-4 - (^ -iso p ro p y lp h en y l)-5 » 5 -d im eth y l-6 -h y d ro x y -l,5 -
dioxane ( i b ) p r e p a r e d  from isobu ty ra ldéhyde and cuminaldéhyde, and 2 - is o -
propy1 -4 -(2 - 1 e rt-bu ty Ipheny1 ) - 5 ,5 -d im ethy l-6 -hydroxy-l,3 -d ioxane ( ic )
th e  product r e s u l t in g  from £ -te rt-b u ty lb e n za ld e h y d e .
The method u su a lly  used in  th e  in v e s t ig a tio n  f o r  th e  p re p a ra tio n  o f  the
2se sq u ia c e ta ls  was th a t  d esc rib ed  by Spath in  which one mole o f an a ry l  
aldehyde and two moles o f isobu ty ra ldéhyde were s t i r r e d  w ith  an aqueous, 
s a tu ra te d  s o lu tio n  o f potassium  carbonate  f o r  30 to  40 h ou rs . Under th ese  
co n d itio n s  isobu tyra ldéhyde tr im e r iz e s  to  form 2 ,4 -d iiso p ro p y 1-5»5-dim ethy1-
6-hy d ro x y -l,3 -d io x an e , I t  i s  l ik e ly ,  th e re fo re  th a t  the  po lym eriza tion  of 
an a ry l  aldehyde and isobu ty ra ldéhyde  and the t r im e r iz a t io n  o f iso b u ty ra ld é ­
hyde would r e s u l t  only in  the  eq u ilib riu m  o f th ese  s e s q u ia c e ta ls , except fo r  
the  f a c t  th a t  the  mixed tr im e rs  p r e c ip i ta te  and thus d riv e  the  re a c tio n s  to  
com pletion. Each of the  s e s q u ic e ta ls ,  l a ,  Ib ,  and Ic  vrere ob ta ined  as w hite 
c r y s ta l l in e  s o l id s .  The in f r a re d  s p e c tra  o f th ese  compounds showed the  
expected hydroxyl (2 .95 and 9»60 m icrons) and e th e r  ( 8.90  m icrons) bands, and 
were f re e  o f carbonyl ab so rp tio n . T heir carbon-hydrogen analyses o ffe re d  
a d d itio n a l support fo r  the  proposed s t ru c tu re s .
( 1) M. J .  S t r i t a r ,  M onatsh., 20, 6YJ (1699)»
(2) E. Spath, R. Lorenz and E. Altman, B e r ., %6» 515 (l943)«
( 3) This la b o ra to ry , unpublished  r e s u l t s ,  J .  L. E. E rickson  and 
G. N, Grammar.
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A new procedure was developed and dem onstrated f o r  the  p re p a ra tio n  o f 
2- i 8opropy l-4-p h en y l-5»5-di®0t h y l - 6-h y d roxy-l,3 -d ioxane  ( la )  in  t h i s  in v e s t i ­
g a tio n . A m ixture o f two moles o f isobu ty ra ldéhyde and one mole o f bonzal- 
dehyde was c h i l le d  to  - 15°> and t r e a te d  w ith  a  sm all amount o f a lco h o lic  
potassium  hydroxide s o lu t io n . An exotherm ic re a c t io n  ensued from which a 
76^ y ie ld  o f l a  was formed w ith in  20 m inutes. The r e l a t iv e ly  s h o r t  re a c tio n  
time makes th i s  procedure very a t t r a c t iv e ,
CATALYTIC HYDROGENATION
An a lco h o lic  so lu tio n  o f the  s e s q u ia c e ta l ( l a ) ,  in  the  presence o f Raney 
n ic k e l d id  no t take up hydrogen a t  room tem perature o r  even a t  80° under a 
p re ssu re  o f fo u r atm ospheres. The a d d itio n  o f a  sm all amount o f a c e tic  ac id  
produced only a slow, alm ost im p ercep tib le  p re ssu re  drop a t  room tem peratu re , 
bu t a ra p id  hydrogen uptake (0 ,6  m o le /h r.)  was observed a t  60-80°, The 
requirem ent o f e lev a ted  tem peratu re  and th e  presence o f ac id  p a r a l l e l  the  
co n d itio n s  p rev io u sly  reported '^ f o r  the  p re p a ra tio n  o f a ld o ls  from the  se sq u i­
a c e ta ls  o f a l ip h a t ic  aldehydes. I t  seems l ik e ly  th a t  hydrogenation  tak es
0 ^ / )  Hg %  %
Ar-ÇH-C-ÇH-OH Ar-CH-C-CH=0 -------------------- ► Ar-CH-C-CH20H
i  A L  k
?h(CH5)j
I I
I l a  Ar « CgH^-
ITb Ar = p-(CH j)2CH-CgH^-
I I c  Ar *» p-(CHj) jC-CgH^-
(4 ) E, Spath, R, Lorenz and E, Freund, B e r ,, %6, 1196 (l945)«
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p lace  only a t  an ap p rec iab le  r a te  when the  c o n c e n tra tio n  o f th e  a ld o l i s  
s u f f ic ie n t ly  h ig h . The s e s q u ia c e ta ls ,  ( lb )  and ( i c ) ,  behaved in  the  same 
manner. The c a ta ly t ic  hydrogenation  o f l a  gave 2 ,2 -d im ethy l-1-pheny1-1 ,5- 
p ropaned io l ( l l a )  in  94^ y ie ld  and Ib gave an 85^  y ie ld  o f 2 ,2 -d im e th y l- l-  
(p - iso p ro p y lp h e n y l)- l,5 -p ro p a n e d io l ( l i b ) .  The new, un repo rted  d io l ,  2 ,2 -  
d im e th y l- l- (£ - te r t-b u ty lp h e n y l) -1 ,5 -p ro p a n e d io l ( l i e )  was o b ta ined  in  93^ y ie ld  
from I c .
2i t  i s  re p o rte d  th a t  l a  decomposed upon d i s t i l l a t i o n  a t  12 mm. to  y ie ld  
5-phenyl-5-hydroxy-2 ,2-d im ethy lprop ionaldehyde and a  q u a n tity  o f benzaldehyde. 
The Raney n ic k e l c a ta ly z ed  hydrogenation  o f l a  to  y ie ld  I l a  a lso  p o in ts  to  the  
e x is ten c e  o f the  a ld o l from l a  as w ell as to  the  a ld o ls  corresponding  to  the 
s e s q u ia c e ta ls ,  ( ib )  and ( i c ) .
Two of the 1 ,5 -d io ls ,  ( l l a )  and ( l i b ) ,  ob ta ined  by c a ta ly t i c  hydrogena­
t io n ,  have been re p o rte d  in  the  chem ical l i t e r a t u r e .  One method common to  
bo th  o f t h e i r  p re p a ra tio n s  was f i r s t  i l l u s t r a t e d  by Swoboda and Fossek ,^ who 
o b ta ined  a d io l ,  e rro n eo u sly  d esc rib ed  as phenyl iso p ro p y l e thy lene  g ly c o l,
by the  re a c tio n  o f iso b u ty ra ld éh y d e , benzaldehyde and potassium  hydroxide in
6 Tthe  m olar r a t i o  o f 2 :1 :1 . Lieben and l a t e r  Reik c o r re c t ly  d esc rib ed  the  
p roduct o f t h i s  re a c t io n  as the  1 ,5 -d io l  ( l l a ) .  Schubert^ re a c te d  cum inal-
C^H^OEzO 4- 2(0H^)2CECH%0 + KOH » CgE^CHOCC( CE^) 2CE2OH + (CE^)2CEC00K
( 5) E. Swoboda and W. Fossek, M onatsh., 11, 585 (l890)<
( 6) A. Lieben, M onatsh., 1%, 68 ( I 896) .
( 7 ) R. Reik, Monabsh., 18, 599 ( l8 9 7 ) .
( 8) F. S chubert, M onatsh., 255 (1903).
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dehyde and isobu ty ra ldéhyde in  t h i s  manner to  o b ta in  l i b  which was re p o rte d  to  
m elt a t  58°» This in v e s t ig a t io n  has shown th a t  the  pure compound, when pre­
pared e i th e r  by the  c a ta ly t ic  hydrogenation  o f Ib , o r  by S ch u b ert’s procedure, 
m elts  a t  69° .  Inasmuch as the  aforem entioned in v e s t ig a to r s  d id  no t sp ec ify  
y ie ld s  o f t h e i r  p ro d u c ts , th e  r e s u l t s  ob tained  in  t h i s  in v e s t ig a t io n , 745̂  fo r  
I l a ,  66^ f o r  I l b ,  and 505̂  f o r  l i e  were taken  as re p re se n ta tiv e  o f the e f f ic ie n c y  
o f  t h i s  g en era l method o f p re p a ra tio n .
One o th e r  p re p a ra tiv e  method o f low y ie ld  ( 41^ ) has been rep o rted  by 
Pranke and Kohn^ f o r  the  d io l  ( l l a ) .  T h e ir method u t i l i z e d  the  re a c tio n  
between phenylmagnesium bromide and fo rm iao b u ty ra ld o l.
( 1 ) CgHcMgBr
HOCH2C(0Ez)2CB=O  » CgHcCHOSC(0H%)2 OH2 OE
( 2 ) I l a
A conven ien t, inexpensive method of p re p a ra tio n  of 2 ,2 -d im e th y l- ) -a ry l- l-  
propanols ( i l l )  has no t been p rev io u s ly  re p o rte d . In  a  d esc rib ed  method, 
however, 2 , 2-dim eth y l - 5-pheny 1- 1- propanol ( l l l a )  has been prepared  in  unspeci­
f ie d  y ie ld  by E a l le r  and B a u e r ,w h o  reduced th e  amide of 2 ,2 -dim ethy 1-5- 
phenylpropanoic ac id  w ith  sodium and a lco h o l.
Na + C2E5OE
OgÊ CE20(GÊ )2COEE2 --------------------► CgÊ CE2C(OÊ )20E20E
I l i a
(9 ) A, Pranke and M. Kohn, M onatsh., 2%, 1097 ( l9 0 6 ) .
( 10) A, E a lle r  and E. Bauer, Ann. chim. (P a r is ) ,  (9 ) ,  2.» (1918).
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In  th i s  in v e s t ig a t io n  I l i a  was prepared  by the  c a ta ly t ic  hydrogenation  o f 
the  1 , 3- d io l  ( l l a )  in  e x c e lle n t y ie ld  ( 94/ )̂ u s in g  pa llad ium -on-charooal as the  
c a ta ly s t .  The co n d itio n s  f o r  the  hydrogenation  o f I l a  as w e ll as fo r  the  d io ls  
l i b  and l i e  were s im ila r  to  those used f o r  the  hydrogenation  o f th e  se sq u i­
a c e ta ls .  B eaction tem peratu res were h e ld  a t  70-80° and hydrogen p re ssu re s
H2Ar*CH0HC(CE3)2CH20H ------------ > Ar-CH2C(CH3)2CH20H
Pd-C
I I  I I I
I l i a  Ar = C5H5
n i b  Ar = 2 - ( 0B3) 2CH-0gE^_
I I I c  Ar = j2-(CB3) 3C-C6ÏÏ4-
v a r ie d  from 4»5 to  5 atm ospheres as hydrogenation  proceeded. I n i t i a l l y  the  
pure 1 , 3-d io l s  were hydrogenated in  anhydrous e th y l a lco h o l s o lu t io n  over a  
pre-reduced  pallad ium -on-charcoal c a ta ly s t .  I t  was found, however, th a t  the
1 , 3-d io ls  ob tained  by the hydrogenation  o f s e s q u ia c e ta ls  were o f s u f f ic ie n t  
p u r ity  to  be used d i r e c t ly  and w ithout i s o la t io n  from the  o r ig in a l  e th y l 
a lcoho l so lv e n t. Raney n ic k e l was sim ply rep laced  w ith  the  palladium  c a ta ly s t  
and the  hydrogenation was con tinued . F u r th e r , the  c a ta ly s t ,  s to re d  as 
palladium  c h lo rid e -o n -c h a rc o a l, could be used d i r e c t ly  in  th e  hydrogenations 
w ithou t lo s s  o f y ie ld  o r d im inu tion  in  the  r a te  o f hyd rogenation . 2 , 2-  
D im ethyl-3-pheny1-1-propanol ( l l l a )  and the  h i th e r to  un rep o rted  a lco h o ls , 2 ,2 -  
d im eth y l-3-(£ - iso p ro p y lp h e n y l)- l-p ro p a n o l ( l l l b )  and 2 , 2-d im e th y l-3- ( £ - t e r t~  
b u ty lp h e n y l)-1-propanol ( l l l c )  were ob ta ined  as low m eltin g  s o l id s ,  p o ssess in g  
f a i n t ,  p le a sa n t odors. T h e ir in f r a re d  s p e c tra  were in  harmony w ith  th ese  
s t r u c tu r e s ,  each e x h ib it in g  s tro n g  hydroxyl bands a t  approxim ately  2,95  and 
a t  9»60 m icrons.
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EXPERIMENTAL^^
2 -Iso p ro p y l“4~ ary l-5 .5 -d lm ethy l-6 -hyd roxy-1 .5 -d ioxane  ( l ) . ^  The pro­
cédure o u tlin e d  helow i s  a p p licab le  f o r  the  p re p a ra tio n  o f the  s e sq u ia c e ta le  
( l a ) ,  ( l b ) ,  and ( i c ) .
A m ixture o f 1 mole o f a  f r e s h ly  d i s t i l l e d  a ry l aldehyde and 2 moles o f 
isobu ty ra ldéhyde was s t i r r e d  v ig o ro u sly  w ith  250 ml. o f  a  s a tu ra te d , aqueous 
s o lu t io n  o f potassium  carbonate  a t  a tem perature in  the  range o f 16-20°. 
Normally, w ith in  50-40 h r . ,  a  c r y s ta l l in e  p r e c ip i ta te  o f th e  product was 
formed, which was subsequently  d isso lv ed  by the  a d d itio n  o f benzene. The 
aqueous, a lk a l in e  la y e r  was then  drawn o ff  and the  benzene so lu tio n  was washed 
w ith  w ater, d rie d  over anhydrous sodium s u l f a te ,  and co n cen tra ted  under 
reduced p ressu re  to  ca. one th i r d  o f i t s  o r ig in a l  volume. A s u f f ic ie n t  
q u a n tity  o f n-pentane was added to  the  con cen tra ted  benzene so lu tio n  to  im­
p a r t  a  s l i g h t ,  cloudy appearance, which brought about the  c r y s ta l l i z a t io n  o f 
the  s e s q u ia c e ta l .  The compound may then  be p u r if ie d  by r e c r y s ta l l i z a t io n  
from a m ixture o f benzene and pentane, o r from methyl a lco h o l.
The orude product may a lso  be d isso lv ed  in  e i th e r  m ethyl o r e th y l 
a lco h o l in s te a d  of benzene. The a lc o h o lic  s o lu tio n  may then  be sep ara ted  
from the  a lk a l in e , aqueous la y e r  and reduced d i r e c t ly  to  y ie ld  the  1 ,3 -d io l
( l l ) ,  o r  i t  may be co n cen tra ted , coo led , and the  s e sq u ia c e ta l ( l )  allowed 
to  c r y s ta l l i z e .
( l l )  M elting p o in ts  a re  c o rre c te d  and b o il in g  p o in ts  are u n co rrec ted . 
M icroanalyses were determ ined by (a ) W eiler and S trau ss  M icro an a ly tic a l 
L a b o ra to rie s , Oxford, England and (b) G a lb ra ith  M ic ro an a ly tic a l L ab o ra to rie s  
K noxv ille , Tennessee. In f ra re d  sp e c tra  were recorded  on a  Beclanan Model 
IR-5 In f ra re d  Speotrophotom eter.
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2-l80propyl-4~phenyl-'5« 5 -d im ethy l-6 -bydroxy-l.4 -d ioxane  ( l a ) .  A m ixture 
o f 106 g . ( 1 ,0  mole) o f benzaldehyde and I 44 g . (2 .0  moles) o f iso b u ty r­
aldéhyde gave, in  the  manner d esc rib ed , 202 g . (81^) o f the  c r y s ta l l in e  
product ( l a ) ,  m.p. 96-97°* A sm all sample r e c r y s ta l l i z e d  once from a 
m ixture o f benzene and pentane and once from m ethyl a lco h o l m elted a t  97-98° 
( l i t . ^  m.p. 97-98.5°)* The in f r a r e d  spectrum  showed c h a r a c te r i s t ic  bands f o r  
OH a t  2 . 9 5 ^  and 9*60 jx and f o r  C-0 a t  8.90 but no 0=0 band.
In  an a l te rn a te  procedure developed in  th i s  in v e s t ig a tio n , the  m ixture 
of benzaldehyde and isobu ty ra ldéhyde was brought to  - 15° ,  and then  w ith  
v igorous s t i r r i n g  was t r e a te d  w ith  1 g . o f  potassium  hydroxide d isso lv ed  in  
20 ml. o f m ethyl a lco h o l. There was an immediate, exotherm ic re a c tio n  which 
ra is e d  the  re a c tio n  tem perature to  ca . 45°, and upon co o lin g  formed a  s o l id  
c r y s ta l l in e  mass. This s o l id  was broken up and d isso lv ed  in  e th e r  and a t  the  
same time the c a ta ly s t  was n e u tra liz e d  by th e  dropwise a d d itio n  of a  3?̂  HCl- 
methyl a lco h o l so lu tio n . The e th e re a l  so lu tio n  was washed w ith  w ater, d r ie d  
over anhydrous sodium s u l f a te ,  and co n cen tra ted  under reduced p re ssu re . As 
b e fo re , the  c r y s ta l l i z a t io n  o f the  product was brought about by the a d d itio n  
o f pen tane . There was ob tained  a  779  ̂ y ie ld  o f l a ,  m.p. 96-97°*
2 -Iao p ro p v l-4 -(p -iso p ro p v lp h en v l)-5 .5 -d im eth v l-6 -h v d ro x v -l« 3 -d io x an e
( i b ) .  From the  re a c tio n  o f 74 g* (0*5 mole) o f cuminaldéhyde and 72 g. o f 
isobu ty ra ldéhyde th e re  was ob ta ined  102 g. (70^) o f Ib , m.p. 100-101°. The 
in f ra re d  specti-um showed s tro n g  OH and C-0 bands a t  2 .94 ^  and 8.92 jXf 
r e s p e c tiv e ly , bu t no carbonyl band.
A nal. Calcd. f o r  C18H28O)» 0, 75*93; H, 9*65; mol. w t . , 292.4* Pound*
0, 74*10; H, 9*31; mol. w t. (benzene), 293*
2 - I s o p ro p y l-4 - (p - te r t-b u tv lp h e n v l) - 5 . 5 -d im ethv l-6 -hyd roxv-l.3 -d ioxane
( i c ) .  The re a c tio n  o f 81 g . (0 .5  mole) o f £ -te rt-b u ty lb e n za ld e h y d e  and 72 g.
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( l  mole) o f isobu ty ra ldéhyde  gave I 40 g . (91^) o f I c ,  m .p, 120-121°, The 
in f r a r e d  speotrum showed bands a t  2,93 ^  f o r  OH and a t  8,96  p. f o r  C-0, bu t 
no carbonyl band was observed .
Anal, Calcd, fo r  C, 74*47; H, 9*87; mol, w t . , 306,4  Pound:
C, 74*33; H, 9*70; mol, w t, (benzene), 317, 326,
2 ,2 -D im eth v l-l-a rv l-l.3 -T > ropaned io l ( l l ) .  Procedure A, ^  the  c a ta ly t i c
hydrogenation  of I ,  To each 0 ,1  mole o f the  s e s q u ia c e ta l  ( l ) ,  d isso lv ed  in  an
equal w eight o f warm e th y l  a lco h o l, was added 1 ,5  g* o f a c e tic  ac id  and 5 g*
12of Raney N ickel c a ta ly s t .  The m ixture was then  hydrogenated in  a  Paar
low -pressu re  apparatus a t  75-80° and 3-5 atm. A hydrogenation  time o f 2 to
3 h r ,  gave an uptake o f hydrogen n e a r the  th e o r e t ic a l  amount. The c a ta ly s t
was f i l t e r e d  o f f ,  and e th y l a lco h o l was d i s t i l l e d  from the  so lu tio n  under
reduced p re s su re . There remained a  c r y s ta l l in e  re s id u e  o f the  1 ,3 -d io l  ( l l ) ,
which may be p u r if ie d  by d i s t i l l a t i o n  o r by r e c r y s t a l l i z a t io n  from a benzene
pentane m ix tu re . I f  d e s ire d , the  1 ,3 -d io l  may be l e f t  in  so lu tio n  a f t e r  the
removal o f th e  n ic k e l c a ta ly s t  and hydrogenated d i r e c t ly  over a palladium
c a ta ly s t  to  y ie ld  the  a lco h o l ( i l l ) ,
7
Procedure B. ^  the  re a c t io n  o f th e  a ry l  aldehyde, iso b u ty ra ld éh y d e , 
and potassium  hydroxide. A m ixture o f isobu ty ra ldéhyde  and the  a ry l aldehyde 
in  th e  rio la r r a t io  of 2 :1  was added dropwise w ith  s t i r r i n g  to  a co ld  s o lu tio n  
of 1 mole o f potassium  hydroxide in  375 ml, o f m ethyl a lco h o l, and allowed to  
stand  a t  room tem peratu re  f o r  20-24 h r .  A cetic  ac id  was added to  n e u tra l iz e  
excess potassium  hydroxide and m ethyl a lco h o l was s tr ip p e d  from the  s o lu tio n
( 12) No, 28 Raney n ic k e l a c tiv e  c a ta ly s t ,  Raney C a ta ly s t C o,, I n c . ,  
C hattanooga, Tennessee,
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under reduced p ressu re  u n t i l  a s lu r ry  o f s o l id  re s id u es  rem ained. The product 
was taken  up in  benzene, w ater washed, and d r ie d  over anhydrous magnesium 
s u l f a te .  Benzene was removed from the  s o lu tio n  under reduced p ressu re  and the  
rem aining cirude 1 , 5-d io l  ( l l )  was p u r if ie d  by the  methods d esc rib ed  in  proce­
dure A.
2 .2 -D im e th v l-l-n h en v l-l,5 -p ro p an ed io l ( l l a ) .  The hydrogenation o f 100 g. 
(0 .4  mole) o f 2- i 8opropy l-4-p h e n y l-5 , 5-d im e th y l-6-h y d ro x y -l,5-dioxane ( la )  
accord ing  to  procedure A gave 68 g . (94^) o f H a ,  b .p . 174-175° ( l4  mm.), 
m.p. 81-82° ( l i t . ^  b .p . 177° ( l 4 mm.), m.p. 81-82° and^ b .p . 178- 185°
(20 mm.), m.p. 81 -82°). The id e n t ic a l  p roduct ( l l a )  was ob ta ined  by the  
LiAlH^ red u c tio n  of l a .
As d esc rib ed  in  procedure B, the  re a c tio n  o f 52 g. (0 .5  raol.e) o f 
benzaldehyde, 72 g . ( l  mole) o f  isobu ty ra ldéhyde and 26 g . ( 0 .5  mole) o f 
potassium  hydroxide gave 66.6 g . (749^) o f I l a ,  m.p. 80-81°, mixed m.p. w ith  
the hydrogenation  product, 80-81°.
2 .2 -D im e th y l- l-(p -iso p ro p y lp h en y l)-1 ,5 -p ro p a n e d io l ( l i b ) .  In  the  manner 
d esc rib ed  in  procedure A, 58.5  g . (0 .2  mole) o f 2 - i3 o p ro p y l-4 -(£ -iso p ro p y l-  
pheny l)-5 ,5 -A im ethy l-6 -hyd roxy-l,5 -d ioxane  ( ib )  was hydrogenated to  y ie ld
57 g . (85^) o f l i b ,  b .p . 165- 167° (4  mm.), m.p. 69° ( l i t .®  b .p . 181.5°
( 8 .5  mm.), m.p. 58°)#
A nal. Calcd, fo r  C14H22O2* G, 75>85; H, 9#97# Found: C, 75#42; H, 9#82.
Procedure B, which was a lso  used by Schubert® f o r  th e  p re p a ra tio n  o f th i s  
compound gave, by the r e a c t io n  o f 57 g# (O.25  mole) o f cuminaldéhyde, 56 g . 
(0 .50  mole) o f iso b u ty ra ld éh y d e , and I 4 g . (O.25  mole) o f  potassium  hydroxide, 
54 g. (61^ ) o f l i b ,  m.p. 69° .  A mixed m.p. w ith  the  product o b ta ined  by the  
c a ta ly t ic  hydrogenation  of Ib  d id  not show any d ep ress io n .
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2 .2 -D im e th y l- l-(p -te rt~ l)u ty lp h e n y l^ - l« 5 -p ro p a n ed io l ( l i e ) .  The c a ta ly t i c  
hydrogenation  o f 50.6 g . (O .l mole) o f 2 - i8 o p ro p y l-4 - (£ - te r t-h u ty lp h e n y l) -5 ,5 -  
d im ethy l-6 -hyd roxy-l,5 "d ioxane  ( ic )  gave 22 g. (95?^) o f l i e ,  h .p . 165-166°
( 2 .5  ram.), m.p. 89-90°.
A nal. Calcd. fo r  C15H24O2S C, 76.22; H, 1 0 .24. Pound: C, 76 .50 ; H, 1 0 .I 5 .
The p re p a ra tio n  o f l i e  by the  re a c t io n  o f 4I  g« (O.25  mole) o f _ p -te rt-  
bu ty lbenzaldehyde, 56 g . ( 0.50  mole) o f iso b u ty ra ld éh y d e , and 14 g . (0.25  mole) 
o f potassium  hydroxide gave 29 g . (50^) o f t h i s  c r y s ta l l in e  compound, m.p. 
89-90°, mixed m.p. w ith  l i e  ob ta ined  by the  hydrogenation  o f I c ,  89-90°.
2 .2 -D im e th y l-5 -a ry l-l-p ro p an o l ( i l l ) .  A s o lu tio n  of the  1 ,5 -d io l  ( l l )  
in  e th y l  a lco h o l was hydrogenated over a  pa llad ium -on-charcoal ( 5̂  Pd) 
c a ta ly s t^ ^ ,  which was added as pallad ium  c h lo rid e -o n -c h a rc o a l and reduced in  
s i t u .  In  a ty p ic a l  ru n , 0 .5  mole o f I I I  in  5O-4O ml. o f e th y l a lco h o l v/as 
hydrogenated in  th e  presence o f 8 g. o f the  PdCl2”C c a ta ly s t  a t  75-80° and 
a t  5-5 atm. An uptake o f hydrogen which corresponded to  the  th e o r e t ic a l  
amount o f  O.5  mole was ob tained  in  5 h r .  The c a ta ly s t  was sep a ra ted  by f i l t r a ­
t io n  and e th y l a lco h o l was removed from the  f i l t r a t e  by d i s t i l l a t i o n .  The 
a d d itio n  o f benzene formed a s o lu tio n  which was washed vdth  w ater, d r ie d , and 
the so lv en t was th en  removed under reduced p re s su re . D i s t i l l a t i o n  o f the  
re s id u e  in  a n itro g e n  atmosphere through a 10-inch vacuum -jacketed, packed 
column gave the  pure a lco h o l ( i l l ) .
2 .2-Dimeth y l-5 -p h en y 1-1-propanol ( l l l a ) .  The hydrogenation  o f 54 g .
( 0 ,5  mole) o f 2 ,2 -d im e th y l- l-p h e n y l- l,5 -p ro p a n e d io l ( l l a )  gave 48 g . o f an
( 15) Org. S yntheses, C o ll. V ol. I l l ,  John W iley and Sons, I n c . ,  New 
York, N. Y ., 1955, p. 686,
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o i l ,  b .p . 122- 125°  (13 ram.), which s o l id i f ie d ,  however, only when supercooled 
f o r  s ev e ra l hours below i t s  m elting  p o in t, thus p e rm ittin g  the  d e te rm in a tio n  
o f p h y s ica l c o n s ta n ts  a t  25°. The s o lid  in  the form of f in e  n eed le s , m.p. 52°, 
was r e d i s t i l l e d  in  a  n itro g e n  atmosphere through a  10-inch  vacuum -jacketed, 
packed column and y ie ld e d  46 g . (945^) o f I l i a ,  b .p . 101.2-102° (4  ram.), 
m.p. 52- 53° ,  1 . 5138, d^^ 0 . 9710, MBjj 50.92 (c a lc d . 50 .92), ( l i t . ^ °  b .p .
125- 126°  ( 14.5  ram.), m.p. 54 -55°). The in f ra re d  spectrum  was c h a ra c te r iz e d  
by the  fo llow ing  bands: 2.97 s , 5.30  m, 5. 4I  s ,  6 .23 m, 6.51  w, 6.70  m,
6 .80  s ,  6.90  3, 7 .21  m, 7.32  ra, 7.52  m, 7 .82 m, 8.86 m, 8.85 w, 9«31 m,
9.62  s ,  10.12 m, 10.61  w, 10.97 w, 11.18 m, 11.42 w, 11.81 w, 12.80 m,
12.91  m, 13.88  s ,  and 14.28 s m icrons.
The a c e ta te  o f I l i a  was prepared by h ea tin g  a  m ixture o f 26.2 g . ( 0 . I 6 
mole) of I l i a ,  25 g . (O.24  mole) o f  a c e t ic  anhydride and 75 g* (0 .95  mole) 
o f p y rid in e  on a  steam b a th  fo r  two hours. Excess a c e t ic  anhydride and 
p y rid in e  were d i s t i l l e d  from the  re a c tio n  m ixture and the  res id u e  was d is ­
so lved  in  benzene and washed su ccess iv e ly  w ith  w a ter, 5^ h yd roch lo ric  acid  
s o lu t io n , 5^ sodium b ica rb o n a te  so lu tio n  and again  w ith  w ater to  remove 
t r a c e s  o f  p y rid in e . Upon removal o f the benzene the  re s id u e  was f r a c t io n a te d  
to  y ie ld  29.8  g . {SCffo) o f 2 ,2-d im ethy l-3-phenylpropyl a c e ta te ,  b .p .  108.5- 
110° (4  mm.), m.p. 2°, n^^ I . 4864, d^^ 0.9787, MR̂  60.27  (c a lc d . 6 0 .28 ), 
( l i t . ^ ^  b .p . 156° (19 ram.) ) .  The in f r a re d  sp e c tra  showed th e  c h a r a c te r i s t ic  
a c e ta te  bands a t  5.76 ^  and 8 .08 )x, b u t was e n t i r e ly  f r e e  o f hydroxyl bands 
around 2.90
2 .2-D im ethyl-5-(p-iB opropylT3henyl)-l-propanol ( l l l b ) .  The hydrogenation 
o f 22.2 g. (0.10  mole) o f 2 ,2 -d im eth y l-l-(p -iso p ro p y lp h er% rl)-l,5 -p ro p an ed io l 
( l i b )  gave 18 g . (879^) o f I l l b ,  b .p . 125- 127° (2 .5  mm.), which formed a
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c r y s ta l l in e  s o lid  on co o lin g , m.p. 36° .  In f ra re d  maxima c h a r a c te r i s t ic  o f 
I l l h  were: 2.97 s ,  3*40 s ,  6.62  m, 6,83 s , 7*05 m, 7*23 m, 7«32 m, 7 ,6 0  2,
8.30  w, 9*14 9*60 8, 9*80 m, 10. I 3 m, 1 0 .60 w, 11.15 w, 11.63 s ,  12. I 4 m,
13.13  w, 13.56  w and I 4.26  m m icrons.
Anal. Calcd. f o r  C14H22O* G, 61.50; H, 10.75* Found: 0, 8 1 .4O; H, 10.86.
2 .2 -D im eth y l-3 -(•p -te rt-b u ty lp h en y l)-l~ p ro p an o l ( l l l c ) .  In  the  manner 
d e sc rib ed , 23.6 g . (O .l mole) o f 2 ,2-dim ethy1 -1 -(_2- t e r t - b u ty lp h e n y l ) - l ,3- 
p ropanedio l ( l i e )  was hydrogenated to  y ie ld  I 4 . I  g . ( 64?̂ ) o f I I I c ,  h .p . 124- 
126° (2 mm.), which s o l id i f i e d  upon co o lin g  to  y ie ld  c r y s ta l s ,  m.p. 46° .
The in f r a r e d  spectrum  o f th i s  compound wem s im ila r  to  th ose  o f I l i a  and I l l b ,  
e x h ib it in g  s tro n g  OH bands a t  2.97 ^  and 9*60 j i .
Anal. Calcd. f o r  G î^Hg^O: C, 8 1 .76; H, 10.98. Found: C, 81.83; H, 11.08.
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Pranke, A. and Kohn, M,
The P rep a ra tio n  o f p -G lycols from A ldols by R eaction w ith  Magnesium 
Organic Compounds.
M onatsh., 2%, 1097 (l9 0 6 ) .
To an e th e re a l  s o lu t io n  o f phenylmagnesium bromide prepared from 15*29 g* 
o f magnesium and 100 g . o f bromobenzene th e re  was added 15 g. o f f r e s h ,  vac­
uum d i s t i l l e d  fo rm isobu ty ra ldo1. The a d d itio n  compound was hydrolyzed w ith 
d i lu te  s u lfu r ic  ac id  and e x tra c te d  w ith  e th e r .  The e th e r  s o lu tio n  was w ater 
washed, d r ie d  and co n cen tra ted . F ra c tio n a tio n  o f the  re s id u e  from th i s  s te p  
gave 11 g. o f 2 , 2-d im e th y l-5- p h e n y l - l ,5-p ro p an ed io l, b .p . 178- 185° (20 mm.).
The d i s t i l l a t e  s o l id i f i e d  on s tan d in g  and was r e c r y s ta l l i z e d  from benzene 
as w hite n eed les , m.p. 81-1 
Pound: C, 75*34; H, 8.94*
-82°. Calcd. fo r  Cĵ ]_H]̂ g02: C, 73*28; H, 8.95*
H a lle r , A. and Baure, E.
S yn thesis  by means of Sodium Amide.
Ann. Chim. ( P a r is ) ,  9* 2.» ( l9 1 8 ) .
The red u c tio n  of 2 ,2-d im ethyl-5-phenylpropionam ide, m.p. 62-65°, w ith  
sodium and a lco h o l gave 2 , 2-dim ethy1- 5-p h e n y l-1- propanol as a p le a sa n t 
sm ellin g  l iq u id ,  b .p . 125- 126° ( l 4*5 nun.), which c r y s ta l l iz e d  to  a  w hite 
needle  l ik e  s o l id ,  m.p. 54-55°* Calcd. f o r  C, 80.47» H, 9*78*
Pound: C, 80.40; H, 9*81.
The a c e ta te ,  2 , 2-d im e th y l-5-phenylpropyl a c e ta te ,  b .p . 156° ( l9  mm.), 
was a lso  p repared , Calcd. fo r  8]_̂ Hq̂ 0O2 : C, 75*70; H, 8 .7 0 . Pound:
C, 75*55; H, 8.87*
Lieben, A.
G lycols Obtained by th e  A ction o f a lc o h o lic  Potassium  Hydroxide on 
Aldehydes.
M onatsh., 1%, 68 (1896).
By a  re a c t io n  of a lc o h o lic  potassium  hydroxide on isobu ty ra ldéhyde as 
w ell as on m ixtures of isobu ty ra ldéhyde  w ith  o th e r  aldehydes, Swoboda and
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Fossek (M onatsh,, ]JL, 383 (l890) ) ob ta ined  a s e r ie s  o f g ly c o ls  whose mode o f 
fo rm ation  and s tru c tu re  was conceived in  the  fo llow ing  manner, analogous to  
the fo rm ation  o f p in aco l and hydrobenzoin.
2 (0H^)2CHCE=O + Hg ------------------ » ( CH )̂ 2CECE0HCH0HCH(CE )̂ g
In  c o n tra s t  to  th i s  mode o f fo rm ation , e a r l i e r  work by Lieben and Z e ise l 
had shown th a t  aldehydes co n ta in in g  a  methylene group bound d i r e c t ly  to  the  
aldehyde group u n ite  in  the fo llo w in g  way. I t  was thus proposed th a t
2 0H^CE2-CH=0; = !  CH5 )- CH=0----> CH5-CH2-CHZC ( CH5 )-CH=0
isobu ty ra ldéhyde a lso  condenses through the methylene group ad jacen t to  the  
aldehyde group g iv in g  r i s e  to  an a ld o l th a t  cannot lo se  w ater. This a ld o l in  
tu rn  absorbs hydrogen to  form the  g ly c o l.
R eik, R.
The G lycol formed from Isobu ty ra ldéhyde and Benzaldehyde and I t s  R eaction  
w ith  S u lfu r ic  Acid.
M onatsh., 599 (1897).
A fre e z in g  co ld  so lu tio n  o f two moles of isobu ty ra ldéhyde  and one mole o f 
benzaldehyde was added dropwise to  a 7^  s o lu tio n  o f potassium  hydroxide in  
a lco h o l. The re a c tio n  was allowed to  proceed u n t i l  the  odor o f is o b u ty ra l­
déhyde had d isappeared  a t  which time the  excess potassium  hydroxide was n e u tra ­
liz e d  w ith  a c e t ic  ac id  and the  a lcoho l so lv en t was removed on a  steam b a th . 
Water was then  added to  l ib e r a te  the  product from tra c e s  o f a lco h o l, follow ed 
by e x tra c t io n  w ith  e th e r .  A fte r  removal of the  e th e r  the  sample was d r ie d  by 
h e a tin g  a t  100° under reduced p ressu re  f o r  s ev e ra l hours. D i s t i l l a t i o n  o f the  
m a te r ia l gave 2 , 2-d im e th y l- l-p h e n y l- l ,3-p ro p an ed io l as a v iscous l iq u id , 
b .p . 177° (14 ram.), which s o l id i f i e d  on s tan d in g  and was r e c r y s ta l l i z e d  from 
benzene to  y ie ld  a w h ite , c r y s ta l l in e  m a te r ia l , m.p. 81-02°. Calcd. fo r  
^ 1 1 % °2" 75.33; H, 8 . 88 . Pound: 0, 72.98; H, 8 .91 .
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A sample o f the  g ly c o l, m.p. 81-82°, ox id ized  w ith  8ffo potassium  perman­
ganate s o lu tio n  gave, b e sid e s  benzoic ac id  and a c e tic  a c id , a  product id e n t i ­
f ie d  as isopropy lpheny l k e to n e . The i s o la t io n  o f th i s  ketone in d ic a te d  a  
prim ary, secondary g ly co l s t ru c tu re  fo r  the  compound.
A 50 g . sample o f  the  g ly c o l was steam d i s t i l l e d  w ith  a  tw enty fo ld  
q u a n tity  o f l^fo s u l f u r ic  ac id  and gave 45 g. of raw o i l .  F ra c tio n a tio n  of 
the  o i l  gave two major p ro d u c ts . The low er b o il in g  f r a c t io n  was id e n t i f ie d  
as Ç ,p -d im eth y ls ty ren e , b .p . 182-183°, ob ta ined  in  a  I 9 g . y ie ld .  Calcd. 
f o r  G, 90 . 9O; H, 9*09. Found: C, 90.48» H, 9 .O5 . The p ,p -d im eth y l-
s ty r e ne was c h a ra c te r iz e d  by o x id a tio n  w ith  potassium  permangeuiate, where 
benzoic ac id  and a c e tic  ac id  were is o la te d  as the products o f  o x id a tio n . The 
B ,B -dim ethylstyrene added bromine w ithout l ib e r a t io n  of hydrogen bromide to  
g ive the dibrom ide, b .p . 150-155° ( l7  nun.). Calcd. fo r  C]^o%2®^2* Br, 54*79« 
Found: Br, 54*45» The second major f r a c t io n ,  a lso  ob ta ined  in  a  19 g. y ie ld ,
was id e n t i f ie d  as the  form al o f  the  g ly c o l, b .p . 135° ( l5  mm.), m.p. 39°* 
Calcd. fo r  C]l2%6*^2‘ 75*00; H, 8.33* Found: C, 74*68; H, 8.05* The
id e n t i ty  o f th e  form al was e s ta b lis h e d  by comparison w ith  an id e n t ic a l  form al 
ob ta ined  by the  d i r e c t  condensation  o f formaldehyde w ith  the  g ly c o l.
I t  was concluded th a t  formaldehyde was e lim in a ted  from the  g ly co l under 
the  in flu en ce  o f d i lu te  s u l f u r ic  ac id  le av in g  isop ro p y lp h en y lcarb in o l which in  
tu rn  lo s t  w ater to  form p ,p -d im e th y ls ty re n e . The l ib e ra te d  formaldeliyde then  
u n ite d  w ith  unchanged g ly c o l to  g ive the  form al.
S chubert, F.
The P rep a ra tio n  o f the G lycol from Isobutyraldéhyde and Cuminaldéhyde and 
I t s  Behavior w ith  D ilu te  S u lfu r ic  Acid.
M onatsh., 2±, 235 (1903)*
The g ly c o l was prepared  in  a manner analogous to  th a t  used by Heik 
(M onatsh., _18, 599 (1903) ) f o r  the  p re p a ra tio n  of the g ly co l ob ta ined  from 
benzaldehyde and iso b u ty ra ld éh y d e . In  th i s  procedure, a m ixture of two moles 
o f isobutyra ldéhyde and one mole of cuminaldéhyde was added dropwise w ith  
co o lin g  to  a  7^ a lco h o lic  s o lu tio n  of potassium  hydroxide. The re a c tio n
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m ixture was allowed to  s tand  12 hours, follow ed by re f lu x in g  fo r  1 hour and 
then  n e u tr a l iz a t io n  w ith  a c e tic  a c id . The product was is o la te d  by b o il in g  
o f f  the a lcoho l so lv e n t, adding w ater, and then  e x tra c t in g  w ith  e th e r .  The 
e th e r  so lu tio n  was evaporated  and the  re s id u e  d i s t i l l e d  to  give 2 ,2 -d im eth y l- 
l- (£ - iso p ro p y lp h e n y l)-1 ,5 -p ro p a n e d io l, b .p . 210° (22 mm.), b .p . 193°
( 15.5  mm.), b .p . 190° (15 mm.), b .p . 181,5° ( 8 .5  mm.), m.p. 58°. Calcd. fo r  
C14B22O2 : C, 75.60; H, 10.00. Found: 0, 75.62; H, 9 .95 .
The d ia c e ta te ,  b .p . 182° (IO .5  mm.), was prepared by h e a tin g  the g ly co l 
fo r  4 hours w ith  a c e tic  anhydride. Calcd. fo r  C, 7O.6O; H, 8 . 5O.
Pound: C, 70.70; H, 8 . 4O.
A 13 g . sample o f the g ly co l was re flu x ed  4 hours w ith  a 20 fo ld  
q u a n tity  o f 149« s u l fu r ic  a c id . The re a c tio n  m ixture was e x tra c te d  w ith  e th e r  
and d i s t i l l e d  to  give two major f r a c t io n s .  The lower b o il in g  f r a c t io n ,  
ob tained  in  a 6 g. y ie ld ,  was id e n t i f ie d  a  _2-isop ro p y liso b u ten y lb en zen e , 
b .p . 105- 106° (10 mm.). Calcd. fo r  C^^Hig: C, 89.70; H, 1 0 .30. Found:
C, 69.80; H, 10. 40 . There was o b ta ined  in  the h igher b o il in g  f r a c t io n  2 g. 
o f m a te ria l id e n t i f ie d  as the  form al o f the g ly c o l, b .p . 153-157° (lO mm.).
An id e n t ic a l  form al was obtained  by the  d i r e c t  condensation  o f formaldehyde 
w ith  the g ly c o l. Calcd. fo r  Cj^^H2202* C, 77.28; H, 9 .4 8 . Found: C, 77.80; 
H, 9 . 30. The re a c tio n  mechanism proposed fo r  the  decom position o f the  g ly co l 
in  the  presence o f d i lu te  s u l fu r ic  acid  was id e n t ic a l  w ith  th a t  proposed by 
R eik ,^ i . e . ,  the  g ly co l e lim in a ted  formaldehyde leav in g  (2 -iso p ropy lpheny l) 
iso p ro p y lc a rb in o l, which in  tu rn  lo s t  w ater to  form ^ - iso p ro p y l- iso b u te n y l-  
benzene. The formaldehyde then  combined w ith  unchanged g ly co l to  y ie ld  a 
form al.
Spath, E . , Lorenz, R. and Altman, E.
D eriv a tiv es  o f A ldol and Crotonaldehyde. V II. The S t r i t a r  Condensation 
Product from Isobutyraldéhyde and Benzaldehyde.
B e r ., 1 6 , 513 ( 1943) .
A m ixture of 72 g. of iso b u ty ra ld éh y d e , 53 g. o f benzaldehyde and 135 ml. 
o f s a tu ra te d  potassium  carbonate s o lu tio n  was shaken fo r  30 hours a t  17°.
The c ry s ta l l in e  mass which formed was taken  up in  e th e r ,  the s o lu tio n  f i l t e r e d .
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and the  e th e r  was removed under reduced p re ssu re . There was obtained  118.5
g . ( 959 )̂ o f a  w hite , c r y s ta l l in e  product which, a f t e r  two r e c r y s ta l l i z a t io n a  
from petroleum  e th e r ,  m elted a t  97-98»5°* The p ro p e r tie s  o f th i s  substance 
correspond to  2 -isop ropy l-4 -pheny l-5 ,5 -d irae thy1 -6 -hydroxy-1 ,3 -d ioxane . Calcd. 
fo r  C15H22O5» C, 71.97; H, 8 . 86 . Found: C, 72.07; H, 8 . 5O.
This compound formed an a c e ta te ,  b .p . 145-150° ( l  mm.), and a  benzoate , 
m.p. 130° .  Upon o x id a tio n  w ith  potassium  permanganate in  p y rid in e , i t  
y ie ld e d  a  sm all amount o f ol,b(-dim ethyl-p-phenylpropionic ac id , m.p. 136. 5° .
D i s t i l l a t i o n  o f the  dioxane a t  12 mm. gave o(,0(-diraethyl-p-hydroxy“p- 
a ld o l thus formed y ie ld e d  a  dim er, m.p. 143- 144°» which could be made to  
again  y ie ld  the  a ld o l by d i s t i l l a t i o n  a t  1 mm.
Spath , E . , Lorenz, R. and Freund, E.
D e riv a tiv es  o f A ldol and o f C rotonaldehyde. XI. A lip h a tic  A ldo ls. 
B e r ., 26 , 1196-1208 ( l9 4 5 ) .
The b ase -ca ta ly zed  condensations o f propionaldéhyde, bu ty ra ldéhyde , and 
isobu ty ra ldéhyde were e ffe c te d  by s t i r r i n g  the  aldehyde w ith  s a tu ra te d  
potassium  carbonate  s o lu tio n . The dioxanes thus prepared  gave the phenyl- 
hydraz ine; formed s ta b le  a c e ta te s  upon trea tm en t w ith  a c e t ic  anhydride; and 
y ie ld e d  the  corresponding  aldehyde and a ld o l when d i s t i l l e d  re p e a te d ly  in  the  
presence o f a d ip ic  ac id .
S t r i t a r ,  M. J .
A Condensation Product from Isobutyraldéhyde and Benzaldehyde, 
M onatsh., 20, 617 ( I 899) .
A m ixture o f equal molar p o rtio n s  o f isobu ty ra ldéhyde  and benzaldehyde 
was shaken w ith an equal volume o f s a tu ra te d  potassium  carbonate  so lu tio n  fo r  
about 36 hours and y ie ld e d  a  s o l id  condensation  p ro d u c t. The compound was 
d isso lv ed  in  benzene, washed w ith  w ater, d r ie d  over calcium  ch lo rid e  and con­
c e n tra te d  under reduced pressui-e over p a ra f f in . The y ie ld  was about 75^.
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By c a re fu l r e c r y s t a l l i z a t io n  from aqueous a c e t ic  a c id , the  product was 
ob ta ined  as f in e  n eed les , m.p. 94°» I t  analyzed fo r  and had a mole­
c u la r  weight corresponding  to  a product formed from two moles o f is o b u ty ra l­
déhyde and one mole o f benzaldehyde.
The condensation  product was p a r t i a l l y  converted  in to  benzaldehyde and 
isobu ty ra ldéhyde by d i s t i l l a t i o n  a t  reduced p ressu re  in  the  presence o f IQffo 
s u lfu r ic  a c id . When i t  was heated  w ith  d i lu te  potassium  hydroxide s o lu tio n , 
th e  odor o f benzaldehyde was ap p aren t.
Attempts to  e s ta b l is h  the  presence o f  a  f re e  aldehyde group by the  p re­
p a ra tio n  o f an oxime were u n su cc e ss fu l, fo r  th e re  was ob ta ined  only  a 
q u a n tity  of isobu tyraldéhyde and a  m ixture o f the oximes o f benzaldehyde and 
iso b u ty ra ld éh y d e. The condensation  product y ie ld ed  a phenyIhydrazone, m.p. 
117° ; which corresponds in  a n a ly s is  to  th e  phenyIhydrazone of an a ld o l, 
formed from one mole o f isobu ty ra ldéhyde  and one mole of benzaldehyde.
Permanganate o x id a tio n  o f th e  unknown condensation  product gave a  mix­
tu re  o f benzoic ac id , is o b u ty r ic  a c id , and a  sm all amount o f q(,0(-d im ethy l- 
p-hydroxy-j3-phenylpropionic a c id , m.p. 155°» which was id e n t i f ie d  by conver­
s io n  to  i t s  s i l v e r  barium s a l t s .
The u n id e n tif ie d  condensation  product was b e liev ed  to  be one in  which a 
second molecule o f isobu ty ra ldéhyde was lo o se ly  bound in  some way to  the  
a ld o l formed from benzaldehyde and iso b u ty ra ld éh y d e .
Swoboda, E. and Possek, W.
The In v e s tig a t io n  o f G lycols D erived from Iso b u ty ra ldéhyde.
M onatsh., 11, 585 ( l8 9 0 ).
A condensation  re a c t io n  was c a r r ie d  out u s in g  two moles of is o b u ty ra l­
déhyde and one mole o f benzaldehyde d isso lv ed  in  a  15» 5?̂  a lc o h o lic  s o lu tio n  
o f potassium  hydroxide. The re a c tio n  was m aintained below 40° and was 
allowed to  run u n t i l  th e  odor o f isobu ty ra ldéhyde  had vanished from the r e ­
a c tio n  m ix tu re . The a lco h o l so lv en t was removed on a  steam b a th , leav in g  an 
o i ly  re s id u e  which was e x tra c te d  w ith  e th e r .  A fte r  ev ap o ra tion  o f the  e th e r  
th e  re s id u e  was d i s t i l l e d  to  g ive a  v iscous l iq u id ,  b .p . 286- 287° ,  which
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s o l id i f i e d  to  a  w h ite , c r y s ta l l in e  mass, m.p. 01-02°. The m a te r ia l was 
assigned  th e  s tru c tu re  o f phenyl iso p ro p y l e th y len e  g ly c o l. Calcd. f o r  
°11%0°2* °» 75.33; H, 9 .0 9 . Found* C, 73 .17; H, 0 .00 .
The g ly c o l, when heated  w ith  a c e tic  anhydride f o r  10 hours a t  200° gave 
the  d ia c e ta te ,  h .p .  295- 297° ,  m.p. 55° .
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ADDITION REACTIONS OP ISOBUTENYLBENZENE
1 2I t  i s  known th a t  a d d itio n  o f hydrogen bromide to  s ty re n e  ’ and p ropeny l- 
benzene^ r e s u l t s  in  the  normal Markovnikov a d d itio n  p ro d u c ts , 1-brom oethyl- 
benzene and 1-bromopropylbenzene, r e s p e c tiv e ly . I f  the  r e a c t io n  tak es  p lace  
in  the  presence o f p e ro x id es, however, th e  a d d itio n  o f hydrogen bromide to
sty ren e  y ie ld s  predom inantly the  abnormal a d d itio n  p ro d u c t, 2-brom oethyl-
1 3benzene, whereas propenylbenzene re p o r te d ly  forms th e  normal a d d itio n
product, 1-bromopropylbenzene. The a d d itio n  of hydrogen bromide to  i s o -
butenylbenzene has not been p rev io u s ly  in v e s t ig a te d , a lthough  H a ll, I^k e , and
W right^ added hydrogen c h lo rid e  to  th i s  compound and o b ta ined  l-p h e n y l-2 -
m ethyl-2-ch lo ropropane.
CaĤ CBzOfCĤ jg C6H5CH2C(CH3)2 06H5^HCE(CH))2
Br Br
I  I I  I l a
I t  was shown in  t h i s  in v e s t ig a t io n  th a t  hydrogen bromide adds to  i s o -  
butenylbenzene ( l )  to  give e x c lu s iv e ly  the  normal a d d itio n  p roduct, 1-p h en y l- 
2-m ethy l-2-bromopropane ( l l )  re g a rd le s s  o f w hether the  re a c t io n  tak es  p lace  in
(1) C. 7 /a llin g , M, S. Kharasoh and F, R. Mayo, J ,  Am. Chem. Soo., 61. 
2695 (1939).
( 2) M. S. M alinovskii and A. A. Y avcrovsk ii, U krain . Khim. Z h u r., 2_1; 
240 ( 1955) .  Chem. A b s tra c ts , 50, 9313 (1956).
( 3) P . R. Mayo and 0 . W alling , Chem. R ev., 22» 351 ( 1940) .
( 4 ) R. H. H a ll, R. G. I^ke , and G. P. W right, J .  Am. Chem. S oo., 21*
1597 ( 1952) .
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
22
th e  presence o r  absence o f oxygen and pe ro x id es. That th e  io n ic  a d d itio n  o f 
hydrogen bromide to  I  should  y ie ld  the  bromide ( l l ) ,  r a th e r  than  the isom er,
l-phenyl-2-m ethyl-l-brom opropane ( l l a ) ,  i s  d i f f i c u l t  to  re c o n c ile .  U sually  
the  predominant product in  the  a d d itio n  o f an unsym m etrical reagen t to  an
o le f in  can be p re d ic ted  on the  b a s is ,  th a t  th s  f i r s t  s te p  in  th e  re a c tio n  w i l l
take  p lace in  the  way th a t  y ie ld s  the  more s ta b le  carbonium io n . The
carbonium io n s  th a t  may be formed w ith  isobutenylbenzene are  the  t e r t i a r y  ion
( la )  and the benzyl ion  ( i b ) .  A lthough both  ions a re  e x c e p tio n a lly  s ta b le ,  
th e  benzyl ion  ( ib )  i s  g e n e ra lly  co n sidered  to  be the  more s ta b le  one, and 
should be p r e f e r e n t ia l ly  formed to  y ie ld  I l a .  The fo rm ation  o f I l a ,  however, 
was not d e tec te d .
I t  i s  in s t r u c t iv e  to  compare the  resonance s t ru c tu re s  th a t  c o n tr ib u te  
to  the s t a b i l i t y  o f l a  and Ib . The comparison i s  made d i f f i c u l t  because two 
d i f f e r e n t  types o f resonance are  invo lved . D iscounting  resonance s tru c tu re s  
th a t  a re  common to  both  io n s , i t  i s  seen th a t  l a  i s  s ta b i l iz e d  by e ig h t
I
ÇH5 ÇH5 CHg
^  ^ ^ CH2~C+ t ^ ---------------- -̂---* 6 more
l a  ^ 3  k  k
ÇH5 ÇH5 + ÇH3
• 4— h V - « ^2 more
~  Ib  CH3 CH3 CH5
hypercon jugation  s t ru c tu re s  and th a t  Ib  i s  s ta b i l iz e d  by one hypercon jugation  
and th re e  r in g  resonance s t r u c tu r e s .  On the  b a s is  o f numbers alone the  ion  
l a ,  and hence the  bromide I I  i s  j u s t i f i e d .  I t  i s  g e n e ra lly  recognized  
though th a t  r in g  resonance s t ru c tu re s  c o n tr ib u te  more to  the  s t a b i l i t y  o f the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
23
io n  than  hypercon jugation . For example, propenylbenzene, w ith  one le s s  
p-m ethyl group th a t  I ,  has an equal number o f resonance s tru c tu re s  f o r  i t s  
two p o ssib le  carbonium io n s . On th i s  b a s is  a  m ixture o f p roducts might be 
expected f o r  the  re a c t io n  o f t h i s  o le f in  w ith  hydrogen h a lid e s . Only one
product, 1-bromopropylbenzene, has been is o la te d  f o r  the  re a c tio n  o f propenyl-
1 S 6benzene w ith  hydrogen bromide, and w ith  hydrogen c h lo r id e , ’ only 1 -ch lo ro -
propylbenzene i s  formed. Since th e se  products correspond to  the  fo rm ation  of 
an in te rm ed ia te  benzyl carbonium io n , i t  i s  concluded th a t  resonance in  the  
r in g  (3 s t ru c tu re s )  i s  s u p e r io r  to  hypercon jugation  (3 s t ru c tu re s )  f o r  the  
s ta b i l i z a t io n  o f the  oarbonium io n s .
For isobutenylbenzene the preponderance o f seven hyperconjugation  
s tru c tu re s  compared to  th re e  resonance s tru c tu re s  o f the  r in g , ap p aren tly  
fav o rs  the  ion  ( l a ) .
The resonance s ta b i l i z a t io n  o f the  f re e  r a d ic a l  should be much the  same 
as f o r  the  oarbonium io n . The a d d itio n  o f hydrogen bromide to  iso b u te n y l­
benzene might be expected , under peroxide c a ta ly s is ,  to  give the  t e r t i a r y  
r a d ic a l  ( i c ) ,  and y ie ld  the  anti-M arkovnikov p roduct, 1 -phenyl-2-methy1-1- 
bromopropane ( l l a ) .  The product o b ta in ed , however, was the normal product I I ,  
This p roduct, i t  i s  no ted , i s  th e  p red ic ted  one on the  b a s is  o f p re se n tly  
accepted th eo ry , which norm ally co n sid ers  the  benzyl r a d ic a l  ( lo )  to  be more 
s ta b le  than  th e  t e r t i a r y  r a d ic a l  ( id ) .
An exam ination o f the  resonance s ta b i l iz in g  s t ru c tu re s  o f the  r a d ic a l  
( l o ) ,  which would lead  to  the bromide ( l l ) ,  re v e a ls  th re e  resonance s t ru c tu re s
( 5) S. P, la g s re v  and A. A. Shamshurin, J .  Gen. Chem., (USSR), £ ,  199
( 1939) .
(6) R. R. Park and G. P. W right, J .  Am. Chem. S oc ., %6, 3036 (1954)»
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in v o lv in g  the  r in g  and in  Id  th e re  are  s ix  hypercon jugation  s t r u c tu r e s .  The 
hypercon jugation  o f th e  benzyl hydrogen in  Id  i s  made u n lik e ly  by the  presence 
o f the  e le c tro n e g a tiv e  brom ine. A lthough the  lo s s  o f one hypercon jugation  
s t ru c tu re  in  Id  would fa v o r the fo rm ation  o f I c ,  i t  appears d o u b tfu l th a t  th i s  
alone determ ines the  course o f f r e e  r a d ic a l  a d d itio n . There i s  one o th e r  
e f f e c t  th a t  should be co n sid ered .
In  the io n ic  a d d itio n  o f hydrogen bromide to  I ,  which invo lves the  a tta c k  
o f a  p ro ton  as a  f i r s t  s te p , th e  p o la r iz a t io n  of isobuteny lbenzene determ ines 
to  some e x ten t where the  a tta c k  w i l l  talce p la ce . I t  can be in fe r r e d  from the 
product ( 11) o f t h i s  re a c tio n  th a t  the  p o la r iz a t io n  i s  such th a t  the  c e n te r  of 
maximum e le c tro n  d e n s ity  re s id e s  on the carbon a lpha  to  th e  r in g , thus a t t r a c ­
t in g  the  p o s it iv e ly  charged pro ton  to  t h i s  c i t e .  This p o la r iz a t io n , however, 
has l i t t l e  o r  no e f f e c t  on the a tta c k  of a  n e u tra l  bromine atom, and would no t 
n e c e s s a r i ly  encourage the  form ation  of th e  r a d ic a l  ( i d ) .
To dem onstrate th a t  a  f re e  r a d ic a l  re a c t io n , norm ally in  com petition  w ith  
an io n ic  re a c tio n , had occurred , isobutenylbenzene was t r e a te d  w ith  hydrogen 
bromide in  d i lu te  pentane so lu tio n , bo th  in  the  presence and absence o f p e r­
o x id es. When peroxide ( la u ro y l perox ide) was d e l ib e r a te ly  added, a  th re e  fo ld  
in c re a se  in  the  y ie ld  of the bromide ( l l )  was ob ta ined  over the  same re a c tio n
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in  which peroxides were excluded. This in c re a se  in  the  y ie ld  o f I I  d e f in i te ly  
e s ta b lis h e d  th a t  a peroxide c a ta ly se d  f re e  r a d ic a l  re a c t io n  had taken  p lace .
The f re e  r a d ic a l  a d d itio n  o f hydrogen bromide to  s ty ren e^  and to  propenyl­
benzene ̂  has been rep o rted  to  proceed in  the  manner shown. The f a i lu r e  of
Bt* • HBt*
GgE^-CEzCHg -------------  CaE^-CE-CEgBr- — --- CGE^-CEgCEgBr
Bt  • HBt*
CaE^-O EZCE-CE^ -------  >  C 0H 5-C E -C E -C E 5 — — --------- ► C 6E5-C E -C E2C E5
Br Br
propenylbenzene to  y ie ld  a benzyl r a d ic a l ,  the  in te rm ed ia te  common to  both
s ty ren e  and isobuteny lbenzene, appears d o u b tfu l. The authors^ in  c i t in g  th i s
work (unpublished  work o f Kharasoh, V/hite, and Idayo) express the  op in ion  th a t
propenylbenzene could be made to  y ie ld  a  benzyl r a d ic a l  and hence the abnormal
p ro d u c t, 2-bromopropylbenzene, co n tin g en t on th e  s e le c t io n  of p roper e x p e r i-
7
m ental c o n d itio n s . I t  i s  re p o r te d , however, th a t  the  f r e e  r a d ic a l  a d d itio n  of 
brom otrichlorom ethane to  propenylbenzene y ie ld s  only  one p roduct, 1 ,1 ,1 - t r i -  
chloro-5-phenyl-2-m ethyl-3-brom opropane, which corresponds to  th e  benzyl
BrCCl^ 7 - " ^ ^  " Br. + CI5C.
CgÊ CEZCECÊ  C6Ê -CE-CE(CE5)CCl5  CgÊ -̂ E-CE(CÊ )OCl̂
r a d ic a l .  This r e s u l t  s tro n g ly  in d ic a te s  th a t  a  benzyl r a d ic a l  should a lso  be 
formed in  the  re a c t io n  w ith  hydrogen bromide.
(7 ) M. S. Khar asch and M. Sage, J .  Org. Chem., 1^, 557 ( l9 4 9 ) .
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To provide a means o f d is t in g u is h in g  I I  and I l a ,  a u th en tic  samples were 
p repared  hy the  a c tio n  o f phosphorous trib ro m id e  on $-phenyl-2-m ethy1-2- 
propanol and l-p h e n y l-2 -m e th y l- l-p ro p an o l, r e s p e c tiv e ly . The b o il in g  p o in ts  
and r e f r a c t iv e  in d ic e s  o f the  two bromides were id e n t ic a l  w ith in  the  l im its  
o f experim ental e r r o r .  I t  was im possib le  to  record  a  r e te n t io n  tim e f o r  I I  
by gas chromatography, f o r  the  compound decomposed on passage through the  
column (s i l ic o n e -ru b b e r)  to  provide a spectrum  of peaks. The bromide ( l l a )  
was su c c e ss fu lly  chromatographed, however, w ithout any evidence o f decom­
p o s it io n  and was shown to  be a  pure compound. F o r tu n a te ly , in f r a r e d  sp e c tro ­
grams o f the  a u th en tic  bromides were found to  be s u f f ic ie n t ly  d i f f e r e n t  to  
allow  p o s it iv e  id e n t i f i c a t io n  o f the  p roducts ob ta ined  in  the  io n ic  and f re e  
r a d ic a l  a d d itio n s  o f hydrogen bromide to  I .  The s p e c tra  o f th e se  re a c tio n  
p roducts were found, w ithout ex cep tio n , to  be superim posable on the  sp e c tra  
o f the  a u th en tic  bromide ( l l ) .
The d if fe re n c e s  in  the  sp e c tra  I I  and I l a  th a t  were id e n t i f ie d  by 
p rev io u s ly  known c o r re la t io n s  o f in f r a r e d  wavelengths w ith  m olecular s t ru c ­
tu re  are the  fo llow ing : l-phenyl-2-m ethyl-2-brom opropane ( l l ) ,  CH2 s t r e tc h in g
a t  3.55  ^  and 3*40 ji, and f o r  l-phenyl-2-m ethyl-l-brom opropane ( l l a ) ,  t e r ­
t i a r y  C-H s tr e tc h in g  a t  3.46  A bsorption in  the  reg io n  norm ally assigned  
the  s k e le ta l  v ib ra tio n s  o f the  grouping , - 0 ( 0115) 2-  was a lso  d i f f e r e n t  f o r  the  
two compounds. For I I ,  the  wavelengths were 8.64  m, 12.00 m, and 12.62 ra 
m icrons, and fo r  I l a ,  8 . 5O m, 10.61 w, and 10,82 w m icrons. In  a d d itio n , the  
spectrum  o f I I  showed a s tro n g  band a t  9*10 ^  th a t  was absent in  I l a .  The 
o r ig in  o f th i s  band, u su a lly  assigned  to  the  0-0 ab so rp tio n , i s  not known.
A P rin s  re a c tio n  o f formaldehyde and isobutenylbenzene ( l )  was a lso  in ­
v e s tig a te d  du ring  the  couz'se o f t h i s  work. Again, a  normal Markovnikov
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pro d u c t, 4 , 4-d im e th y l-5- p h e n y l - l ,3-d iozane (IV ), was o b ta in ed . A d d itio n a l
evidence was th u s  provided f o r  the  course o f io n ic  a d d itio n s  to  I .
The f a i lu r e  o f the  P r in s  re a c tio n  to  y ie ld  the  isom er, 5 ,5 -d im eth y l-4 -
p h e n y l- l ,5-dioxane (iV a), had p a r t ic u la r  s ig n if ic a n c e  f o r  an o th er phase o f
th i s  in v e s t ig a t io n ,  the  ac id  ca ta ly zed  decom position o f 1 ,5 - d io l s . The
re a c tio n  o f d i lu te  s u lfu r ic  ac id  w ith  2 , 2-d im e th y l-1-pheny1- 1 , 5-p ropaned io l
( l l l a )  was expected to  r e s u l t  in  a dehydra tion  o f the  m o lecu le 's  benzyl
hydroxyl p o s i t io n  w ith a  subsequent carbonium ion  rearrangem ent. In s tead  a
8decom position was observed in  accord w ith  th e  r e s u l t s  o f Reik, in  which the  
products were isobutenylbenzene ( l )  and 5>5-d im eth y l-4-pheny1- 1 , 5-dioxane 
(IV a).
This decom position i s  rem in iscen t o f a  "R etrograde P rin s  R eaction ,"  bu t 
in  r e a l i t y  th e re  i s  no way back from isobutenylbenzene to  the  o r ig in a l  1 , 5-  
d io l  ( l l l a ) .  The f a i lu r e  o f  fo rm ation  of the  1 ,5-dioxane (IV) from the
ÇH5
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( 8) R. Reik, M onatsh., 18, 599 ( l8 9 7 ) .
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decom position products shows th a t  a  rev e rse  P rin s re a c tio n  o f formaldehyde 
and I  d id  not take  p lace .
O ther s im ila r  1 ,5 -d io ls  th a t  are  known to  decompose in  th i s  manner to  
provide s ty re n es  and 1 ,5 -d ioxanes corresponding  to  the o r ig in a l  d io l  are 
5 - (jE -isopropylphenyl)- 2 ,2 -d im eth y l-l,5 -p ro p an ed io l^  and 3 -p h en y l-2 -e th y l-2 - 
m eth y l-1 ,3 -p ro p an ed io l.^^
Independent methods were used to  prepare  a u th en tic  samples o f IV and IVa 
by the  fo rm y la tio n  of 2 -p h en y l-3 -m e th y l-l,3 -b u tan ed io l ( i l l )  and 3 -pheny l-2 ,2 - 
dimethy 1 -1 ,3 -propaned io l ( l l l a ) ,  re s p e c tiv e ly . The p rev io u sly  un reported  
dioxane (IV) was a  l iq u id  a t room tem perature and the isomer (iVa) was a 
s o l id  m eltin g  a t  37-58°» T h e ir b o i l in g  p o in ts , however, were too c lo se  to  
allow  se p a ra tio n  had a m ixture o f the  isom ers been formed in  the  P rins 
re a c t io n . For th i s  reason  in f r a r e d  spectroscopy  and gas chromatography were 
used to  e s ta b l is h  the  P rin s  product as IV, and to  ru le  out contam ination  by 
th e  isom eric  dioxane ( iV a ). The d is tin g u is h in g  ab so rp tio n  bands fo r  the  
in f r a r e d  spectrum  of IV were: 7»12 ra, 8.09 m, 8.82 m, 9*80 s , 11.42 w,
12.20 m, 12.70  s ,  13.00 3 , 13.88 m, and I 4.84  m m icrons; and f o r  IVa, 6 . 9O m, 
7.60  m, 10.06 m, 11.15 w, 11.69 w, and 12.60  m m icrons.
The a u th en tic  dioxanes were shown to  be pure compounds w ith  d i f f e r e n t  
r e te n t io n  tim es by gas chromatography when run s e p a ra te ly  o r  as a  m ix tu re .
The P rin s  re a c t io n  product of isobutenylbenzene ( l )  and formaldehyde was, in  
a l l  re s p e c ts , in  harmony w ith  the  d a ta  recorded  f o r  the  a u th en tic  sample IV.
(9 ) P. Schubert, M onatsh., 2^, 235 ( 1903) .
( 10) A. Franke and R. S te rn , M onatsh., 42.» 21 (1928).
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PREPARATION OP ISOBUTENYLBENZENE
The p re p a ra tio n  o f pure isobutenylbenzene ( l ) ,  n^^ 1.5576, fo r  th i s
in v e s t ig a t io n  provided problems as e x is t in g  methods^^’ ^^’ ^^’ ^^ y ie ld ed
m ixtures o f isom ers as in d ic a te d  by the  c o n s is te n tly  low re f r a c t iv e  in d ic e s
re p o rte d  fo r  t h e i r  p ro d u c ts . The component o f the  m ixtures th a t  ap p aren tly
accounts fo r  th e  low in d ic e s  i s  5 -pheny l-2 -m ethy l-l-p ropane ( l a ) ,  n^
15I . 5O8O, an isom er o f I .  A m ixture o f I  and l a  has been re p o rte d  to  r e s u l t
15from the therm al decom position of neophyl c h lo rid e  and from the a c e to ly s is  
o f neophyl £-brom obenzenesulfonate.^^
A new procedure, developed in  th i s  in v e s t ig a t io n , fo r  the  p re p a ra tio n  
o f isobutenylbenzene ( l )  was based on the  in e r t  n a tu re  o f t h i s  compound 
toward c o ld , co n cen tra ted  s u l fu r ic  a c id . In  the  p rocedure, l-p heny l-2 -m ethy l-
2-propanol was shaken w ith  co ld , 80^ s u l f u r ic  ac id  and the  product ( l )  was 
l ib e ra te d  a t  the  su rface  o f th e  ac id  la y e r .  The y ie ld s  o f I  ob tained  in  th i s  
manner were good (80-85^), bu t o f g re a te r  im portance the  isom er ( la )  was not 
o b ta in ed . The form ation  of l a  seems not to  be favored  by the  low tem perature 
used in  t h i s  procedure. The e x is t in g  methods of p re p a ra tio n , fo o tn o te s  11 
through 14, were c a r r ie d  out a t  tem peratu res near o r in  excess o f 100°.
( 11) V. G rignard, Ann. ch im ., ( ? ) ,  M» 455 ( l9 0 l ) .
( 12) M. T iffeneau  and A. O rekhoff, B u ll. soc. chim. (F ran ce ), 22., 8I 4
( 1921) .
( 15) A. K lages, B e r ., ]%, 1725 ( 1904) .
( 14) N. K ishner, J ,  Russ, Phys. Chem. G es., I 65 ( 1925) .
( 15) P . C. Whitmore, C. A. W eisgerber and A. 0 . Shabica, J .  Am. Chem.
S o c ., 1469 ( 1945) .
( 16) R. Heck and S, W instein , J .  Am. Chem. S o c ., 22.» 5452 (l957)*
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Isobuteny lbenzene, n^ 1.5576, ob ta ined  by th i s  new procedure was shown to  
be a  pure compound by gas chromatography and ex h ib ite d  an in f r a r e d  spectrum  
e n t i r e ly  f r e e  o f ab so rp tio n  a t  11.28 p ., c h a r a c te r i s t ic  of te rm in a l o le f in s ,  
o r  the  isom er ( l a ) .
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EXPERIMENTAL̂ "̂
l-P h en y l-2 -m eth y l-2 -p ro p an o l.^^  To an e th e re a l  s o lu tio n  o f benzyl- 
magnesium c h lo r id e , p repared  from 28,6 g, (2 g. atoms) o f magnesium and 251 g. 
(2 moles) of benzyl c h lo r id e , was added 87 g. ( l , 5  moles) o f acetone. The 
p re c ip i ta te d  compound was hydrolyzed w ith  ic ed  ammonium c h lo rid e  s o lu tio n , and 
the  o rgan ic  la y e r  was worked up in  the  u su a l way to  y ie ld  207 g . (92^ ,  based 
on acetone) of l-pheny l~ 2-m ethy l-2 -p ropano l, b .p . 60- 6l °  ( l  mm.), b .p . 98-99° 
(12.5  mm.), m.p. 24°, n^^ 1.5140 ( l i t . ^ ^  b .p . 103-105° (lO mm.),
1 . 5195» and^^ b .p . 59-60° ( I .5  mm.), m.p. 2 5 .5 -2 6 .5 ° , n^^ 1.5128.
The a c e ta te  may be prepared  d i r e c t ly  from the acetone-benzylraagnesium 
c h lo rid e  adduct by re f lu x in g  w ith  an excess of a c e t ic  anhydride fo r  2 h r s .  
p r io r  to  h y d ro ly s is . Thus from 58 g ( l  mole) of ace tone , 24.3  g ( l  g. atom) 
o f magnesium, 127 g ( l  mole) of b en zy lch lo rid e  and I 43 g. ( I .4  moles) of 
a c e t ic  anhydride th e re  was ob ta ined  I 58 g . (82^) of l-p h en y l-2 -m eth y l-2 - 
p ropyl a c e ta te ,  b .p . 109-110° (lO mm.), n^^ 1.4912, m.p. 30-31° ( l i t .^ ®  
b .p . 99-101° (4  mm.), n^° 1.4923, m.p. 5 1 °).
l-Phen.yl-2-m ethvl-2-brom opropane ( l l ) .  To I 5 g . (O.IO mole) of 1- 
phenyl-2-m ethy l-2-propanol was added dropwise w ith  s t i r r i n g  10 g. (0.057  
mole) of phosphorous trib ro m id e  a t  a r a te  s u f f ic ie n t  to  m ain ta in  the 
re a c t io n  tem perature below zero . A fte r  the  a d d itio n  was complete the
( 17) M elting p o in ts  are  co rre c ted  and b o i l in g  p o in ts  a re  u n co rrec ted . 
M icroanalyses were determ ined by W eiler and S trau ss  M ic ro an a ly tic a l Labora­
t o r i e s ,  Oxford, England and G a lb ra ith  M c ro a n n ly tic a l  L ab o ra to rie s , K noxv ille , 
Tennessee. In f ra re d  s p e c tra  were recorded  on a  Beckman IR-5 In f ra re d  
Spectrophotom eter.
( i s )  L. Ya. Bryusova and E. S. Shuvalov, S in tezy  D ushistykh V eshchestv, 
Sbom ik S ta te ; ,  185 (l959)«
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r e a c tio n  m ixture was allow ed to  s tan d  12 h r .  a t  room tem perature  and th en  was 
poured in to  w ater. The o rgan ic  phase was e x tra c te d  w ith  benzene and th i s  
s o lu t io n  was washed w ith  55̂  sodium b ica rb o n a te  s o lu t io n , w ater, and was d r ie d  
over anhydrous magnesium s u l f a te .  Upon removal o f the  benzene, th e  re s id u e  
was f r a c t io n a te d  th i’ough a  6 -in ch , vacuum -jacketed, packed column to  y ie ld
17.7 g. (63fo) o f I I ,  b .p . 79-81° (5 .5  mm.), 1.5586. The in f ra re d
spectrum  was c h a ra c te r iz e d  by the fo llo w in g  w avelengths; 5«55 3> 5«40 o,
6.22 m,6.70 s , 6.90 s , 7 .21  s , 7 .51 a> 8.10 m, 8.50  s , 6.69  m, 9 .10  s ,
9.71  m, 10.98 m, 12.05  m, 12.50 m, 12.68 m, I 5 . 6O s , and 14.55 a* m icrons.
A nal. Calcd. fo r  C io^i^Er: C, 56 . 56; H, 6 .14; Br, 57 .50. Found:
0, 56 . 56; H, 6 .15; Br, 57.50.
l-P h en v l-2 -m e th y l- l-p ro p a n o l. The hydrogenation  o f 44.4  g. (0 .5  mole) 
o f isobutyrophenone, b .p . 96-97° (lO mm.), n^^ 1.5152, u s in g  5 g. Raney 
n ic k e l c a ta ly s t  under a p ressu re  o f 4 atm. a t  70° was complete in  I .5  h r . ,  
and gave 59 g. (87/0 o f l-p h e n y l-2 -m e th y l-1-propanol, b .p . 111-112° (15 ram.),
n^5 1.5158  ( l i t . 19 b .p .  112- 115°  (15 mm.), n ^^ '^  1.5195; and^^ b .p . 110-111°
(15 mm.) ) .  The in f r a re d  spectrum  was f r e e  o f  carbonyl a b so rp tio n .
1 -Pheny1-2-m ethyl-l-brom opropane ( l l a ) .  The p re p a ra tio n  o f th i s  com­
pound fo llow s e x a c tly  the  procedure used fo r  the  p re p a ra tio n  of I I .  The r e ­
a c tio n  m ixture co n s is te d  o f 15 g. (O .l mole) o f 1-pheny1-2-m ethyl-1-propanol, 
n^^ 1. 5158, and 10 g. (0.057 mole) o f phosphorous tr ib ro m id e . F ra c tio n a tio n  
o f the  crude product gave 19 g. (89^) o f  I l a ,  b .p .  79-81° ( 5.6  mm.), n^^ 
1.5592 ( l i t . b . p .  155- 157° (57 mm.), 1 .5414). The in f r a re d  spectrum
( 19) A. C laus, J .  p ra k t. chem., ( 2) ,  4̂6, 48I  ( I 892) .
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showed the  fo llo w in g  bands: 5»55 s> 5*46 m, 6.25  w, 6.70  m, 6.90  s , 7 .21  m,
7 .51  m, 8 .28 m, 8 . 5O m, 8.89 w, 9*70 w, 10.61 w, 10.82 w, 10.98 w, 12.50 m,
15.20 s ,  15.45 8» 14.40 and 14.92  m icrons.
Isobutenylbenzene ( l ) .  A m ixture o f I 50 g . ( l.O  mole) o f l-p h e n y l-2 - 
m ethy l-2 -propanol, b .p . 98-99° (12 .5  mm.), I . 5I 4O, and 5OO g. of ic e
co ld  &y/o s u l f u r ic  acid  was shaken v ig o ro u sly  fo r  5 min. and allowed to  stand  
a t  room tem perature u n t i l  the  ensu ing  la y e r  se p a ra tio n  was com plete. The 
organ ic  la y e r  was sep ara ted  and again  shaken w ith  500 g. o f co ld , 80^ 
s u l f u r ic  a c id . A fte r the  la y e rs  had sep a ra te d  the ac id  was drawn o f f ,  com­
bined w ith  the  f i r s t  ac id  la y e r  and e x tra c te d  w ith two 50 ml. p o rtio n s  of 
benzene. The organic la y e r  and benzene e x tr a c ts  were combined, washed 
su cc e ss iv e ly  w ith  w ater, 10^ sodium carbonate  so lu tio n  and again  w ith  w a ter, 
then  d r ie d  over anhydrous magnesium s u l f a te .  Benzene was d i s t i l l e d  from the  
s o lu tio n  and the  re s id u e  was c a r e fu l ly  f r a c t io n a te d  through a  10-inch , 
vacuum -jacketed, packed column to  give 112 g . (85?^) o f I ,  b .p . 77-78°
(15 mm.), n^^ 1.5576 ( l i t . ^ ^  b .p . 75-78° (15 mm.); and^^ b .p . 79-80° (20 mm.),
1.5400  and^^ b .p . 75-77° (18 mm.), n^^ I . 5404) .  The p r in c ip a l  in f r a re d  
a b so rp tio n  freq u en c ies  were found a t :  5.50 ra, 5.56 s ,  5.42 s , 6 .O4 m, 6.25 m,
6.71 8, 6.95  3» 7 .23 ra, 8.19  w, 8.48  ra, 9.51  m, 9 .48 m, 9 .71 m, 10,20 w,
10.94  m, 11.70  w, 12.00 8, 15.56 8, and 14.58 s m icrons.
l-P henyl-2-m ethv 1-2-bromopropane ( l l ) .  The bromide I I  was ob ta ined  from 
isobuteny lbenzene ( l )  and hydrogen bromide in  Procedures A, B, and 0. The
( 20) D. A. Shearer and G. P. W right, Csui. J .  Chain., 1002 (1955)-
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in f ra re d  s p e c tra  o f the  compounds ob ta ined  by th e se  procedures were found to  
be superim posable w ith  th a t  o f  an a u th en tic  sample o f I I  prepared  by the 
a c tio n  of PBrj on l-phenyl-2-m ethy1-2-propanol.
Procedure A. ^  the  a d d itio n  o f hydrogen bromide to  I  in  a c e t ic  a c id .
A so lu tio n  o f 13.2 g. (O .l mole) o f ( l ) ,  n^^ 1.5376, in  g la c ia l  a c e tic  acid  
was kep t s a tu ra te d  w ith  anhydrous hydrogen bromide a t  0° fo r  a  p eriod  of 
3 h r . ,  and then  poui’ed in to  300 ml. o f w ater. The organ ic  la y e r  was sep a ra ted , 
combined w ith  60 ml. o f benzene, and d i s t i l l e d  to  remove tra c e s  o f  w ater and 
a c e tic  a c id , and the  res id u e  was f r a c t io n a te d  through a  6 -in ch , vacuum- 
jack e ted  column, packed w ith  g la ss  h e l ic e s ,  to  y ie ld  16 g. (759^) o f  I I ,  
b .p . 76-78° (3*5 mm.), n^^ 1.5390. The compound was decomposed when vapor 
phase chromatography was attem pted on an 8 f t .  s i l ic o n e - ru b b e r  column a t 
150°.
Procedure B. ^  the a d d itio n  of hydrogen bromide i  in  pentane 
so lu tio n  w ith  peroxides o m itted . A m ixture o f 6 .6  g . (0 .05  mole) of 
isobu tenylbenzene, n^ 1 . 5576, and 143 g . of n-pentane was s a tu ra te d  w ith  
n itro g en  to  remove oxygen and was then  t r e a te d  w ith  a slow stream  of 
hydrogen bromide a t room tem perature f o r  a period  of 4 h r .  The re a c t io n  
m ixture then was flu sh ed  w ith  n itro g e n  to  remove excess hydrogen bromide.
Upon removal o f the  n-pentane s o lv e n t, the  re s id u e  was f r a c t io n a te d  to  y ie ld
4 .8  g . (7596) o f I ,  b .p . 55-55° ( 5 .5  mm.), 1.5574 and 2.4  g. (21^) o f I I ,
b .p . 76- 79° ( 5 .5  ram.), 1.5587.
Procedure C_. the a d d itio n  o f hydrogen bromide to  I  in  pentane 
so lu tio n  vrith peroxides p re s e n t . Procedure B was follow ed except th a t  3.98 g. 
( 0.01  mole) o f la u ro y l peroxide was added p r io r  to  the in tro d u c tio n  o f 
hydrogen bromide. When the  n-pentane so lu tio n  was co n cen tra ted , lau ro y l
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peroxide p re c ip i ta te d  and was removed by f i l t r a t i o n .  The f i l t r a t e  was washed 
w ith  10^ sodium b i s u l f i t e  s o lu tio n , then  w ith  w ater, and d r ie d  over anhydrous 
magnesium s u l f a te .  F ra c tio n a tio n  gave 7 .1  g. ( 67^) o f I I ,  b .p . 77-79°
( 5 .6  mm.), 1.5589,
2 -P h en y l-3 -m e th v l-l.5 -b u tan ed io l ( i l l ) .  A m ixture o f 9 .7  g. (0.05  mole)
21o f 2-phenyl-3-niethyl-5-hydroxybutanoic acid  and 80 ml, o f anhydrous e th y l 
e th e r  was added to  2.65  g . (O.07 mole) o f lith iu m  aluminum hydride in  120 ml. 
o f e th e r  a t  a r a te  s u f f ic ie n t  to  m ain ta in  a m ild r e f lu x .  S t i r r in g  was 
continued  fo r  4 h rs . a f t e r  the a d d itio n  of ac id  was complete and then  w ater 
was c a u tio u s ly  added to  decompose excess lith iu m  aluminum h y d rid e . The 
h y d ro ly s is  was completed by pouring the  re a c tio n  m ixture in to  a  s lu r ry  of 
crushed ic e  and d i lu te  s u l f u r ic  a c id . The e th e r  la y e r  was sep ara ted  and 
e x tra c te d  w ith  two 20 ml. p o rtio n s  o f a 10^ sodium carbonate  so lu tio n , 
which upon a c id i f ic a t io n  gave 0 .9  g. o f unchanged 2 -phenyl-5-m ethy l-3- 
hydroxybutanoic ac id . A fte r  d ry ing  over anhydrous magnesium s u l f a te ,  the  
e th e re a l  s o lu tio n  was evapo rated , leav in g  a  s o lid  re s id u e . R e c ry s ta ll iz a ­
t io n  from benzene gave 7*7 g. (851a) o f 2 -p h en y l-3 -m e th y l-l,3 -b u tan ed io l, 
m.p. 78-79 •
A nal. Calcd. fo r  C11H16O2» C, 75,83; H, 9 ,9 8 . Found: 0, 75,42;
H, 9 ,8 2 .
(21) This ac id  was prepared  by the  re a c t io n  of acetone w ith  the  Ivanov 
Reagent (CgHcCHMgBrCOpRa). An 82?'ô y ie ld  o f w h ite , c r y s ta l l in e  ac id , m.p. 
94-95? was ob ta in ed . (H. L. Cohen and G. F. W right, J .  Org. Chem., 432 
( 1955;» re p o rte d  m.p. 91-92 ) .
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4.4 .~D lm ethyl-5-pheavl-l,3 -d ioxane (IV ), Procédure A. From formaldehyde
and I I I . A m i::ture o f Ig . o f paraform aldehyde, 2 g . (O .O ll mole) o f 2-phenyl-
3-methy1 -1 ,5 -p ropaned io l ( i l l ) ,  and two drops o f o rtho-phosphoric  ac id  was
heated  f o r  3 h r .  on a steam b a th . Upon s tand ing  overn igh t in  a  stoppered
f la s k ,  the  re a c tio n  m ixture was e x tra c te d  w ith  e th e r .  The e th e re a l  so lu tio n
was washed f re e  o f a c id , d r ie d  over anhydrous magnesium s u l f a te ,  co n cen tra ted ,
and the res id u e  d i s t i l l e d  to  y ie ld  1 .9 g* (909^) o f IV, b .p .  97-98° (2 mm.),
25
n^ 1. 5224. The in f ra re d  w avelengths recorded f o r  t h i s  compound were; 5«43 8, 
3.49  s , 6.22 w, 6,69  m, 6.88  m, 7.12  m, 7.23  m, 7 .50  s ,  7.97  m, 6.09  m,
8 .18 s , 8.50  S,  8.82 m, 9 .20 s , 9.55 s , 9 .80 s , 10.25 m, 10.53 s , 10.94 * ,
11.42 w, 12.20 m, 12.70  s ,  13.00  8, 13.88 ra, I 4.24  s ,  and I 4 .84  m m icrons.
Anal. Calcd. fo r  0^2^1602* 0 , 74.97; H, 8 .93 . Found; C, ; H,
Procedure B. From formaldehyde and %. A P r in s  re a c tio n  was c a r r ie d  out
u s in g  15 g . ( 0.11  mole) o f isobutenylbenzene ( l ) ,  40 g. o f a  Ylia fo rm alin
s o lu tio n , and 3 g. of conc. s u l f u r ic  a c id . The m ixture was s t i r r e d  and heated  
under re f lu x  f o r  a  period  o f 8 h r . , and was th en  e x tra c te d  w ith  benzene. The 
benzene s o lu tio n  was washed w ith  w ater, co n cen tra ted , and the  re s id u e  d is ­
t i l l e d  to  y ie ld  16 g. (74^) o f IV, b .p . 132-134° (14 mm.), 1.5220, d^5
1 . 0658, îffîjj 55.02 (c a lc d . 55 . 10) .  The in f r a r e d  spectrum  was id e n t ic a l  w ith  
th a t  of the product prepared in  procedure A, except fo r  a weak band a t  I 3 . 51 
I t  was c le a r ly  no t id e n t ic a l  w ith  the  spectrum  of the  isom eric  dioxane (XVa).
5 ,5 -D im ethv l-4 -pheny l-l,3 -d ioxane  (iV a). A m ixture o f 18 g . (O .l mole) 
o f 2 ,2 -d im e th y l- l-p h e n y l- l,3 -p ro p a n e d io l ( l l l a ) ,  9 g . (0 ,3  mole) o f form­
aldehyde (as paraform aldehyde), and 0 .5  ml. o f o rtho-phosphoric  ac id  was 
heated  on a  steam b a th  fo r  3 h r . , and then  allow ed to  s tan d  o vern igh t in  a
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s toppered  f la s k  a t  room tem p era tu re . The f la s k  c o n ten ts  were d is so lv e d  in  
e th e r ,  washed f r e e  o f a c id , and d r ie d  over anhydrous magnesium s u l f a te .  Upon 
removal o f the  e th e r ,  the  re s id u e  was d i s t i l l e d  to  g ive l6  g. {jofo) o f IVa,
h .p .  155- 156° (15 mm.), m.p. 57-58° ( l i t .®  b .p . 154-155° (15 mm.), m.p. 5 9 °). 
The in f r a r e d  spectrum  was c h a ra c te r iz e d  by the  fo llo w in g  bands: 5.40 8,
5.52 s ,  6.25  w, 6.70  w, 6.82 m, 6.90  m, 7.22 m, 7.52  m, 7*60 m, 7.95 w,
8.22 m, 8.55  8, 9.15  8, 9 .60  m, 10 .06 m, 10.55 s ,  10.55 8, 10.94 m, 11.15
11.69  w, 12.60  m, 15.55 8, and 14.50  s m icrons.
O
The a c tio n  o f s u l f u r ic  ac id  on 2 ,2 -d im e th y l- l-p h e n y l- l ,5 -n ro n a n a d io l.
A m ixture of 40 g . (0 .22  mole) o f 2 ,2 -d im e th y l- l-p h e n y l- l,5 -p ro p a n e d io l ( l l l a )  
and 800 ml. o f 20^ s u l f u r ic  ac id  was steam d i s t i l l e d  a t  a r a te  s u f f ic ie n t  to  
m ain ta in  c o n sta n t volume o f the  ac id  s o lu tio n . The o rgan ic  p o r tio n  o f the 
d i s t i l l a t e  (56 g . ) was d is so lv e d  in  A ther and the  e th e r e a l  s o lu tio n  was 
washed w ith  w a ter, d r ie d  over calcium  c h lo r id e , and co n ce n tra te d . The re s id u e  
was f r a c t io n a te d  through a  10-inch  vacuum -jacketed, packed column to  y ie ld  
15 g . ( 529 )̂ o f isobu tenylbenzene ( l ) ,  b .p . 75-75° ( l4  mm.), n^^ 1 . 5297; and
15.7 g. (52/() of 5»5-dim ethy1-4-pheny1 - 1 ,5-dioxane (iV a ), b .p . 150-151°
(14  mm.), m.p. 57-58°.
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Bryusova, L. Ya. and Shuvalov, E. S.
S yn thesis  o f D im ethylhenzyloarbinol a o e ta te .
S in tezy  D ushistykh V eshchestv, Sbom ik S ta te i ,  185 (l939)« C. A ,, 5793*
D im ethy lbenzy lcarb ino l, p repared from benzylmagnesium bromide and acetone , 
was converted  to  i t s  ao e ta te  by the  method o f Isa g u ly an ts  and Sm ol'yaninova 
(R ie c h s to f f - In d ., 8 , 194 ( 1933) )•  ^ co ld  m ixture o f the  c a rb in o l, a c e tic  
anhydride, and a  sm all amount o f phosphoric ac id  was allowed to  stand  f o r  e ig h t 
days. There was ob ta ined  in  t h i s  manner an 82^ y ie ld  (based on d im ethyl­
b en zy lca rb in o l) o f the a c e ta te ,  b .p .  99- 101° (4 mm.), m.p. 51° ,  n^ 1 . 4925*
Franke, A. and S te rn , R.
The G lycol from M ethylethylaceta ldehyde and Benzaldehyde.
M onatsh., 42.* 21 ( l9 2 8 ) ,
A m ixture o f benzaldehyde and m ethy le thy laceta ldehyde tr e a te d  w ith  a 
s l ig h t  excess o f a lo o h o lic  potassium  hydroxide s o lu tio n  gave the  g ly c o l, 
l-p h e n y l-2 -m e th y l-2 -e th y l- l,5 -p ro p a n e d io l, b .p . 188-190° ( l?  mm.).
Steam d i s t i l l a t i o n  o f the g ly c o l w ith  14^ s u l fu r ic  ac id  gave a  hydro­
carbon, b .p . 205-206°, which was id e n t i f ie d  as p -m e th y l-p -e th y ls ty ren e .
A second product of the  d i s t i l l a t i o n  was the  compound, O^^B^gOg, b .p . 156-157° 
(15 mm,), which was a lso  ob tained  from the  g ly co l and form aldehyde. The pure 
compound, b .p . 150° (15 mm.), was th e re fo re  a  form al o f the  g ly c o l.
G rignard , V.
Organomagnesium Compounds and T h e ir A p p lica tio n  to  the  S ynthesis  o f 
A cids, A lcohols and Hydrocarbons.
Ann. chim. e t  p h y s ., ( 7 ) ,  24, 433 ( l9 0 l ) ,
Benzylmagnesium bromide re a c te d  w ith  acetone gave a  539= y ie ld  o f d im ethyl­
b en zy lca rb in o l, b .p . 105- 105° (10 mm.), dp 0.9960, 0.9822, 1.5195*
The low y ie ld  o f c a rb in o l was a t t r ib u te d  to  the fo rm ation  of d ib en zy l.
A ttem pts to  e s t e r i f y  the c a rb in o l w ith  a c e t ic  anhydride re s u lte d  in  the  
fo rm ation  o f th e  hydrocarbon, phenyl- l -m e th y l-2 -p ro p e n e - l, b .p . 185-185°
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(748 mm.), b .p . 76-77° ( i l  mm.), cLq 0.9205, 1.53707. Calcd. fo r
C, 90.91; H, 9 .0 9 . Found* C, 90.50; H, 9 .2 0 .
P heny liao p ro p y lca rb in o l, b .p . 112-113° ( l5  mm.), 1.51932, d^^*^
0 . 9869, was prepared in  51^  y ie ld  from the  a c tio n  o f isoprojylm agnesium  io d ide  
on benzaldehyde. Calcd. fo r  O^qH^^Os C, 80,00, H, 9*33. Found* C, 80.24;
H, 9 . 35.
The a c e ta te  was ob ta ined  as a l iq u id ,  h .p . 122-125° (20 mm.).
H a ll, R. H ., ly k e , R. G ., and W right, G, F.
A ddition o f Hydrogen c h lo rid e  to  l-P h en y l-2 -m e th y l-l-p ro p en e .
J .  Am. Chem. S o c ., J±,  1597 (1952).
1-pheny1-2-methy1 -1 -propane, p rev io u sly  washed w ith  fe rro u s  s u lfa te  
s o lu tio n , was p laced in  a  f la s k  immersed in  an ic e  w ater b a th , and then  
tre a te d  w ith  a slow stream  of hydrogen c h lo rid e  gas fo r  fo u r  hou rs . There 
was is o la te d  from the re a c tio n  a  94/^ y ie ld  o f l-p h en y l-2 -m eth y l-2 -ch lo ro - 
propane, b .p . 95-97° (lO ram.), 1.5155* C h a ra c te r iz a tio n  of the  product 
was accomplished in  two ways. F i r s t l y ,  by h y d ro ly s is  to  l-p h en y l-2 -m eth y l-2 - 
propanol, id e n t i f ie d  as i t s  phenylurethane (64?̂  y ie ld ) ,  m.p. 86-88°.
Secondly, a  G rignard s a l t  was formed and then  converted  by re a c tio n  w ith  
phenylisocyanate  to  the  known a n il id e  o f 2 ,2 -d irae thy l-3 -phenylpropanoic  ac id , 
m.p. 106. 5- 107. 5° .  Reported m.p. 107-108° (F . C. Whitmore, e t . a l . ,  J .  Am. 
Chem. Soc., I 469 ( l9 4 3 ) .
20 20l-P h en y l-2 -m eth y l-l-p ro p en e , n^ 1.5376, d^ 0 .903, was prepared by the 
dehydra tion  o f l-p h en y l-2 -m ethy l-2 -p ropano l accord ing  to  the procedure of 
T iffeneau  and Orekhoff (B u ll. soc. chim. F rance, £2.» 8I 4 ( l9 2 l )  ) .
Heck, R. and W instein , S.
Neighboring Carbon and Hydrogen. XXIX.
P  ~ ^  A nalysis o f A ceto ly sis  o f S u b s titu te d  Neophyl A ry lsu lfo n a te s .
J .  Am. Chem. S oc ., 22.» 3432 ( l9 5 7 ) .
The a c e to ly s is  of neophyl p-brom obenzenesulfonate and a  lith iu m  aluminum 
hydride re d u c tio n  o f the  a c e to ly s is  product gave 1 ,l-d im e th y l-2 -p h e n y le th an o l.
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fo r  which an independent sy n th es is  was re p o rte d . The a lco h o l was prepared by 
the re a c t io n  between e th y l p h en y lace ta te  and méthylmagnésium io d id e . The crude 
a lco h o l was p u r if ie d  by chromatography on alum ina and was found to  possess the  
p ro p e r t ie s ;  ra.p. 25.5-26.5°» n^^ 1.5128, b .p . 59-60° ( l . 5  mm.).
O ther products o f the a c e to ly s is  re a c tio n  were p ,p -d im eth y ls ty ren e  ( l )  and 
l-pheny l-2 -m ethy l-2 -p ropene ( l l ) ,  ob ta ined  as a  m ix ture. The percentage r a t io  
o f the  m ix ture, (51^ I  and 495̂  I I ) was c a lc u la te d  on the  b a s is  o f r e f r a c t iv e  
index , u s in g  as s tan d a rd s , (unpublished r e s u l t s  o f S. J .  Lapporte)
1.5564  f o r  I  and n^^ 1.5057 f o r  I I .
K ishner, N.
Zersetzung von Pyrazolonbasen, eine  Methods zur D a rs te llu n g  von D eriva ten  
des Cyclopropane.
J .  Russ. Phys. Chem. C es., 4â» 1^5 (1912).
The a c tio n  o f hydrogen bromide gas on 2-m ethylphenylcyclopropane gave
l-phenyl-2-raethyl-l-brom opropane as a  c o lo r le s s  l iq u id ,  b .p . 135-137° (37 nm.) ,  
20 20d^ 1 . 2609, Hjj 1. 5414* Upon h e a tin g  w ith  c h in o lin  the bromide gave is o -  
butenylbenzene, b .p . 168-169°, n^^ 1*5367, d^^ O.9004*
K lages, A.
Zur Kentn i ss  d e r S ty ro le  
B e r ., 1723 ( 1904)*
ITie ch lo rid e  o f dim ethylbenzyl c a rb in o l, an in te n se  oumene type sm elling  
o i l ,  l ib e r a te s  by h ea tin g  w ith  py rid in e  a t  125° , 2-m ethylpropenylbenzene, a 
l i g h t  r e f r a c t in g  compound of flow er l ik e  odor, b .p . 76- 77° ( l4  mm.), b .p .  181-
182° (761 mm.), dj4*5 0 . 9022, nj^*^ 1.5280.
Lagerev, S. P. and Shamshurin, A. A,
The F ix a tio n  o f Hydrogen C hloride in  M ethylphenylethylene.
J .  Gen. Chem., (U .S .S .R .), %  199 (1933)* G* A ., 6258 (l939)
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M ethylphenylethylene was re a c te d  w ith  hydrogen c h lo rid e  to  y ie ld  
o< -pheny lp ropy l c h lo r id e , b .p . 61° (9 mm.) which was hydrolyzed to  -p h en y l- 
p ro p y la lco h o l, b .p . 108-110° ( l5  mm). The a lco h o l was p repared  indepen­
d e n tly  by the  re a c t io n  o f benzaldehyde w ith  ethylmagnesium bromide and was 
made to  y ie ld  O t-phenylpropyl ch lo rid e  by trea tm en t w ith  hydrogen c h lo r id e .
M alin o v sk ii, M. S. and Y avorovskii, A. A.
The S yn thesis o f (l-B rom oethyl) benzene and (l-B rom oisopropyl) benzene 
and th e i r  u t i l i z a t i o n  in  the G rignard R eaction .
U krain . Khim. Z hur., 21, 240 (1955). C. A ., 9515 (1956).
An average y ie ld  o f 8 )^  o f  (l-b rom oethy l) benzene, b .p . 65-61° (2 mm.) 
was ob ta ined  by s a tu ra t in g  s o lu tio n s  o f s ty ren e  in  e th e r ,  chloroform , o r  
carbon te tr a c h lo r id e  w ith  hydrogen bromide.
In  a  s im ila r  manner, (l-b rom oisopropy l) benzene, n^^ I . 58OO, d^^ 1.2850, 
was obtained  from D <-m ethylstyrene.
Mayo, F . R. and W alling, 0.
The Peroxide E ffe c t in  The A ddition  o f Reagents To U nsatu rated  Compounds 
and in  Rearrangement R eac tions.
Chem, R ev., 2%, 551 ( 1940) .
The abnormal p roducts o f the  peroxide ca ta ly zed  a d d itio n  o f halogen a c id s , 
m ercaptans, th io -a o id s , and b i s u l f i t e s  to  u n sa tu ra te d  compounds, as w ell as 
p o ss ib le  mechanisms fo r  th ese  re a c tio n s  are reviewed in  I 7 I  re fe re n c e s .
Of p a r t ic u la r  in te r e s t  was th e  re fe re n ce  (unpublished r e s u l t s  o f 
K harasch, M. S .,  W hite, C. P. and Mayo, P. R .) to  th e  f re e  r a d ic a l  a d d itio n  
o f hydrogen bromide to  propenylbenzene. The compound f a i l e d  to  y ie ld  the  
abnormal product bu t gave in s te a d  the  normal product, (X-phenylpropyl 
brom ide.
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Park , R. R. and W right, G, P,
A dd ition  o f Ifydrogen C hloride to  Propenylbenzene,
J .  Ara, Chera. S o c ,, %6, 5056 (l954)«
In  view o f the  f a c t  th a t  hydrogen c h lo rid e  d isp o ses  i t s e l f  in  an 
o p posite  manner to  s ty ren e  ( 1 -p heny l-1 -ch lo roethane) and 2 -m e th y l- l-p h e n y l- l-  
propene (2 -ch lo ro -2 -m e th y l-l-p h en y lp ro p an e ), i t  was sought to  a s c e r ta in  
w hether the c h lo rid e  formed firom the  re a c tio n  o f propenylbenzene w ith  hydro­
gen c h lo rid e  was a  m ix tu re . The a d d itio n  of hydrogen c h lo rid e  to  propenyl­
benzene in  peroxide f r e e  e th y l e th e r  gave a 45?  ̂ y ie ld  o f 1 -c h lo ro - l-p h e n y l-  
propane, b .p , 72-79° (lO nun,) n^^ 1 , 5246. By p rep a rin g  the  Grignard o f t h i s  
compound and s a tu r a t in g  w ith  COg, only one compound was ob ta in ed , 2 -phenyl- 
bu tano ic  a c id , m,p, 42 . 0- 43° ,  which was c h a ra c te r iz e d  by conversion  to  the  
amide, (65^  y ie ld ) ,  m,p, 85 , 5- 84. 8° .
Reik, R.
The G lycol formed from Isobutyra ldéhyde and Benzaldehyde and I t s  
R eaction  w ith  S u lfu r ic  Acid,
M onatsh., 18, 599 ( l8 9 7 ) .
For an n o ta tio n  see page I 4 o f  the  B ib liography fo r  S esq u iace ta ls  and 
T h e ir R eduction P roducts ,
Schubert, F,
The P rep a ra tio n  o f the  G lycol from Isobutyraldéhyde and Cuminaldéhyde and 
I t s  Behavior w ith  D ilu te  S u lfu ric  A cid,
M onatsh,, 24,, 255 (1903).
For an n o ta tio n  see page I 6 o f the  B ib liography fo r  S e sq u iac e ta ls  and 
TJieir Reduction P roducts ,
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S h eare r, D. A. and W right, G. F,
O xidation  o f Alkenes by M ercuric S a l ts ,  
Can. J .  Chem., 1002 (1955).
The p re p a ra tio n  o f 2-m ethy l-l-phenylpropene accord ing  to  the procedure 
o f T iffen eau  and O rekoff (B u ll. soc . ch ira ., ( 4 ) ,  2^., 8I 6 ( 192I )  ) ,  gave a 
p ro d u c t, b .p . 75-86° (15-17 mm.), n^^ 1.5576, which was converted  to
2-m ethoxy-2-methy 1 -1 -phenyl e thyIm ercuric  c h lo r id e , m .p. 78 .5-80  . Decom­
p o s it io n  o f the  m ercuric s a l t  w ith  hy d ro ch lo ric  a c id  in  methyl a lco h o l-w ate r
1. Hg(0Ac)2 + CHvOH
CÆ-CH=C(CEz)2 -----------------------------   » C6Hc-CH-HgClC(CEz)20CHz
2 . NaCl
s o lu tio n  l ib e ra te d  pure 2 -m ethy l-l-pheny lp ropene, b .p . 65. 5- 66° ( l2  mm.) o r  
75-77° ( I 8 mm.), 1 . 5404» which seemed to  e x is t  in  two polymorphic form s.
C ry s ta l l iz a t io n  by ra p id  co o lin g  gave a m elting  p o in t o f about - 56°; i f  
m aintained a t  th i s  tem perature  the sample r e s o l id i f i e d  and then  m elted a t  
—50 to  —48 .
T iffen eau , M. and O rekhoff, A.
D ehydration o f A lcohols.
B u ll. soc. chim. Prance, 2£, 8I 4 ( l9 2 l) .
The p re p a ra tio n  of p ,p -d im eth y ls ty ren e  from d im ethy lbenzy lcarb ino l was 
c a r r ie d  out in  the  fo llo w in g  manner. A m ixture o f 100 g. of the  c a rb in o l, 
b .p .  104- 105° (17 mm.), 100 g. o f a c e tic  anhydride, and IO -I5 drops o f concen­
t r a te d  s u l fu r ic  ac id  was h ea ted  fo r  th re e  hours on a  steam b a th . The m ixture 
was then  poured in to  w a ter, n e u tra l iz e d , e x tra c te d  w ith  e th e r  and d i s t i l l e d  
to  give a 90/4 y ie ld  o f p ,p -d im e th y ls ty re n e , b .p . 75-85° ( l5  mm.), 
b .p .  180-182°.
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Voronkov, M, G ., Broun, A. S. and Karpeno G. B.
R eaction  o f S u lfu r w ith  U nsaturated  Compounds. IV, P h e n y l-su b s titu te d
l , 2-D i th io le - 3- th io n e s ,
Doklady Akad. Nauk, S. S. S. R ., 1457 (l948). C. A ., 1955g«
D im ethylbenzylcarb inol was dehydrated by slow d i s t i l l a t i o n  over io d ine  
to  y ie ld  p ,p -d im e th y ls ty ren e , b .p . 76 . 2*̂ ( l 5«5 mm.), b .p . 184. 5° (770 mm.), 
d̂ *̂  0 .8985, n̂ *̂  1 . 5296. Upon h e a tin g  w ith  s u lfu r  a t  190° f o r  10 hours the 
o le f in  gave an 80?$ y ie ld  of 5-p b en y l-4-m e th y l- l ,2- d i t h io l e - 5- th io n e , b .p .
2 0 4 -2 1 0 ° (1 . 5  mm.), m.p. 1 0 4 .5°»
Walling, C., Kharasch, M. S. and Mayo, P. R.
The addition of Hydrogen Bromide to Triraethylethylene, Styrene, Crotonic 
Acid and Ethyl Crotonate.
J. Am. Chera. Soc., 2695 (1959)»
Although it is generally considered that the product obtained by adding 
hydrogen bromide to styrene is the alpha-phenylethvl bromide, it has been 
observed that thiophenol, thioglycolic acid, and bisulfite all add abnormally 
to this olefin to yield the beta-phenylethvl derivatives.
It has been found that in the absence of solvent, styrene adds hydrogen 
bromide almost instantaneously to form the alpha-phenylethyl bromide and that 
even in the presence of added peroxide does not lead to the formation of over 
7^ of the abnormal product. However, when the normal reaction is retarded 
by working in dilute pentane solution and peroxide added, products may be 
isolated which contain as much as 80'̂'̂ of the beteu-phenylethvl bromide.
Trimethylethylene adds hydrogen bromide in the absence of oxygen and 
peroxides to give tert-arayl bromide. Under conditions of peroxide catalysis, 
the product contains as much as 6 4 ^ of the abnormal product, 2-methyl-5- 
bromobutane.
In the presence or absence of peroxides, crotonic acid and ethyl- 
crotonate yield only beta-bromobutyric acid and ethyl beta-broraobutvrate 
respectively.
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Whitmore, P. 0 . ,  W eisgerber, C. A. and Shabica, A. C.
Form ation o f Cyclopropanes from M onohalides. IV. Some R eactions of
l-G hloro-2-m ethy l-2-phenylpropane.
J, Am. Chem. Soc., 6̂ , I4 6 9  (l943)«
Neophyl c h lo r id e , l-ch lo ro -2 -m ethy l-2 -pheny lp ropane , was re a c te d  w ith  
sodium m etal under a  n itro g e n  atmosphere to  g iv e , in  a d d itio n  to  t-b u ty lb e n -  
zene (34»6^) and 1-m ethy l-l-phenylcyclopropane ( l l . 9/^), a 13 . 7 /̂  y ie ld  o f 
^ ,p -d im e th y ls ty ren e , b .p . 90° (31 mm.), n ^ ^ '^  1.5400. The m ixture of
products was sep ara ted  by f r a c t io n a t io n  on a  65 p la te  column.
Upon prolonged re f lu x , 222°, neophyl ch lo rid e  decomposed to  y ie ld
3 -pheny l-2 -m ethy l-l-p ropene (23.5?^)> b .p . 69-70° (20 mm.), I . 5O8O,
p ,p -d im eth y ls ty ren e  (36.5^)* b .p . 79-80° (20 mm.), n^^ 1 . 5400, benzy l- 
d im eth y lcarb in y l ch lo rid e  ( 8 . 9?^), b .p . 88° (lO mm.), n^^ I . 516O and neophyl-
c h lo r id e , b .p . 94-95° (lO mm.) n^^ I . 525O.
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REACTIONS OP CYCLOPENTANEDIONES
I
The cyclopen taned iones, 5 -m ethy l-l,2 -oyc lopen taned ione  ( l )  aiid 1 ,3 -  
cyclopentanedione (Xl) are  substances which e x is t  e n t i r e ly  as e n d s  in  t h e i r  
c r y s ta l l in e  form s. The s t ru c tu re s  o f th ese  compounds suggested th e i r  use as 
s u i ta b le  s t a r t in g  m a te r ia ls  f o r  the p o ss ib le  syn theses o f d ihydro - .1 asmone 
(v ia ) ,  dehvdro-.iasmone (V Ib), c i s - jasmone (V Ic), c inerone (VId) and o th e r 
re la te d  compounds.
CH3
























( v ia )  R = CH3CH2CH2CH2CH2-
(V lb ) R = CHjCHgCSCCHg-
(VEc) R .» CH3CH2CBSCHCH2-
(V ld ) R .. CH^CIPCHCHg-
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5-METHYL-l. 2-CYCLOPEaiTAKEDIONE
M eyerfeld^ f i r s t  i s o la te d  $ -m eth y l-l,2 -oyo lopen taned ione  ( l )  from the  d ry  
d i s t i l l a t i o n  o f  heech wood. The compound was c h a ra c te r iz e d  a t  th a t  tim e only  
as a  m etliy lcyclopentenolone, in  re c o g n itio n  o f the  compound's hydroxyl, 
carbonyl and o le f in  fu n c tio n s . The d isco v ery  th a t  the  compound was an e n o lic
1 ,2 -d ik e to n e , capable o f  e x is te n c e  in  cne o f the  tau tom eric  forms ( l a  and l b ) ,  
was made by Rojahn and R iihl,^ These au thors  s e le c te d  s t ru c tu re  ( ib )  and 
p resen ted  the  fo llow ing  evidence to  s u b s ta n t ia te  t h e i r  ch o ice . The compound
 |“0H CH51------- pQ CHtt------- po
0 °
l a  I  Ib
gave a d ibenzy lidene  d e r iv a t iv e  w ith  benzaldehyde, th u s  re q u ir in g  two m ethylene 
g roups, and f a i l e d  to  e x h ib it  any o p t ic a l  a c t i v i ty  in  w ater o r  a lco h o l so lu ­
t io n .  Tautomer ( la )  possessed  only  one m ethylene group and has an assym etric  
c e n te r  capable o f o p t ic a l  a c t i v i t y  provided th a t  the  compound i s  no t a  racomic 
m ix tu re . A lthough th e  evidence h a rd ly  seemed c o n c lu s iv e , s t ru c tu re  ( ib )  was 
adopted by o th e r  in v e s t ig a to r s  in  \h e  subsequent chem ical l i t e r a t u r e .
The a lk a l in e  e x tra c ts  o f  spruce wood p u lp ' a lso  y ie ld  I  and a t  l e a s t  two 
s y n th e tic  p re p a ra tio n s  aj:e known,^’ ^ A number o f d e r iv a t iv e s  have been p re -
( 1) J .  M éyerfeld, O hem iker-Z tg,, 549 (1912),
( 2) C. A, Rojahn and F . Ruhl, Arch, Pharm ,, 264, 211 ( 1926) ,
( 3) T, E n k v ist, A cta Chem, Scand ., 0 , 51 ( l9 5 4 ) «
( 4) M, U rion, Ann. Chim., ( l l ) ,  1 , 5 (1934)«
( 5) G. Hesse and K. Beckman, A nn., 563. 37 (1949).
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6 7pared in c lu d in g  a  l i s t  o f e th e r s  and e s te r s .
0
Hesse and B reig  re c e n tly  p re sen ted  new and ap p aren tly  in d isp u ta b le  
chem ical evidence in  support o f  t h i s  s t ru c tu re  as 2 -m ethy lcyo lopen t-4 -en-5 -
o l- l -o n e  ( r b ) .  The c h lo r in a tio n  o f I  in  aqueous s o lu tio n  gave 4 -c h lo ro - l-  
m e th y lcy c lo p en t-l-en -2 -o l-3 -o n e  ( l l ) , which upon o x id a tio n  w ith  sulkaline
“ j - r - T g n  — a z
01 01
-HOI rr.-- ' t OH
01
(Ib )  ( I I )
permanganate s o lu tio n  gave p -a o e ty la c ry lic  a c id , in s te a d  o f  c i tra c o n ic  ac id , 
th e  o x id a tio n  product norm ally expected from the  c h lo r in a tio n  product o f l a .
In  view o f the  com pelling evidence^ in  support o f s t ru c tu re  ( lb )  a t  th e  time 
t h i s  in v e s t ig a t io n  was begun, t h i s  s t ru c tu re  was regarded  as a  s u i ta b le  
m a te r ia l  f o r  the  p re p a ra tio n  o f d ih v d ro -.iasmone (V ia ). The re a c tio n  o f l a  
and n-amy 1-magnesium c h lo r id e , however, d id  no t y ie ld  V ia. Gas chromato­
graphy rev ea led  th a t  th e  r e a c tio n  p roduct was in s te a d  a  b in a ry  m ixture o f 
c lo s e ly  b o i l in g  m a te r ia ls ,  se p a ra b le , however, on a  200 fo o t c a p i l la r y  column. 
I t  was recognized  th a t  the  m ixture m i ^ t  have been produced by a  com bination 
o f  b o th  1 ,2 -  and 1 ,4 -  a d d itio n  o f the  G rignard ra a g e n t, o r  th a t  the  reag en t had 
ro a c ted  w ith  a  tau tom eric  e q u ilib riu m  m ixture (la^± Ib )«  The r e s u l t s  o f the  
r e a c tio n  o f th e  sodium e n o la te  s a l t  o f I ,  and a lso  the  m ethyl e th e r  ( i l l )  w ith
(6) M. J .  L ich tenberge, B u ll. so c . chim. (F ran ce ), 5» 2» 206 (1942).
(7 ) N. N. Melnikov and K, 1). S h e tso v a -sh ilo v sk a ia , J .  Gen. Chem.,
S. S. S. R ., 28 , 464 ( 1958) .
( b) G. Hesse and K. B re ig , Ann., 592. 120 ( l9 5 5 ) .
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n - anyImagne8iim  c h lo r id e , as w e ll as the  re a c t io n  o f axnyllithiiim  w ith  I I I  are
recorded  in  Table I ,  The r e l a t iv e  in v a rian ce  o f the  percen tage com position 
TABLE I
Compound Reagent °fa y ie ld 20Index, n D ia Composition*
I n-C)H]^^M^l 74 1,4674 51.7  48.3
I  (Na s a l t ) n-C^Hj ĵ^MgCl 66 1,4602 50,8  49.2
I I I n-C^Hj ĵ^MgCl 80 I . 468O 48,6  51.4
I I I n-C ̂ Hĵ ĵ MgC 1 66 1,4678 52,2 47,8
(a) Determined by gas chromatography on a  200 f t .  Apiezon c a p i l la r y  column,
the  products ob ta ined  made le s s  a t t r a c t iv e  the  p o s s ib i l i ty  o f  sim ultaneous
1 ,2 -  and 1 ,4 -  a d d itio n  -  p a r t i c u la r ly  in  the  re a c t io n  o f am yllith ium  w ith  
I I I ,  which o rd in a r i ly  g iv es  an in c re a se  in  the  1 ,2 -  a d d itio n  p roduct.
F in a lly  i t  was found th a t  hydrogenation  of the  m ixture over pallad ium  gave 













r e s u l t  o f bo th  carbonyl and con jugate  a d d it io n , bu t can be a t t r ib u te d  to  the  
exo and endo d ehydra tion  o f th e  in te rm ed ia te  t e r t i a r y  a lco h o l common to  a l l  o f 
the  re a c tio n s  s tu d ie d .
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I t  i s  notew orthy th a t  the  hydrogenation  product 2-ainyl-5-m ethylcyclo- 
pentanone, expected from s tru c tu re  ( i b ) ,  was no t o b ta in ed . This prompted an 
in v e s t ig a t io n  o f the  s t a r t i n g  m a te r ia l  and re s u lte d  in  the  co n firm atio n  of the 
s t ru c tu re  ( la )  o r ig in a l ly  proposed by Rojahn and Ruhl,^ Based on th i s  in f o r ­
m ation, the  G rignard re a c tio n  p roducts were form ulated  as 2 -am ylidene-5-m ethy1- 
cyclopentanone (IV) and 2 -n -am yl-5 -m ethy lcyclopen t-2 -en -l-one  (v ) ,  which are  
isom ers o f d ih v d ro -.iasmone (V la ). The in f ra re d  spectrum  of the  m ixture showed 
u n sa tu ra te d  C-H s tr e tc h in g  a t  5*52 conjugated  carbonyl a t  5*87 and C=C 
s tr e tc h in g  a t  6 ,10 ji, in  harmony w ith  the  proposed s t r u c tu r e s .  The hydro­
g en atio n  p roduct, 2-n-am yl-5-m ethylcyclopentanone (V Il) e x h ib ite d  an in f ra re d  
spectrum  f re e  o f bands a t  3«32 and 6.10 yi, bu t showed a  non-conjugated 
carbonyl band a t  5*79
One obvious p roof o f s t ru c tu re  th a t  would d is t in g u is h  between l a  and Ib , 
the  o x id a tio n  o f t l i is  m ethylcyclopentenolone to  le v u lin ic  ac id  ( s t ru c tu re  Ib)
o r  to  alpha^m ethylsuccin ic  ac id  ( s t ru c tu re  l a ) ,  was not rep o rted  by e i th e r
2 8 1 
Rojahn and Ruhl , o r by Hesse and B re ig . M eyerfeld d id  r e p o r t ,  however,
th a t  carbon d iox ide was the  only product ob ta ined  by the ac id  permanganate
o x id a tio n  o f th is  m ethylcyclopentenolone, and th a t  carbon d iox ide  and a c e tic
a c id  were the  so le  p roducts o f th e  a lk a lin e  permanganate o x id a tio n . In  th i s
in v e s t ig a t io n  le v u lin ic  ac id  was ob ta ined  by the  c a re fu l ly  c o n tro lle d  ac id
permanganate o x id a tio n  o f m ethy lcyclopentenolone. This r e s u l t  c o n s t i tu te s
CH5-(j!=0
CHg.c—- | 0H + 5(0)  » CH2 OOgE + COg
l a
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
51
d ir e c t  chem ical evidence fo r  the  s t ru c tu re ,  ) -m e th y lc y c lo p e n t-2 -e n -2 -o l- l-  
one ( l a ) .
A d d itio n a l su p p o rtin g  evidence f o r  l a  was ob tained  from the  in f ra re d  
s p e c tra  o f the m ethylcyclopentenolone and the  methyl e th e r ,  5 -® ethylcyclo- 
pen t-2 -en-2-m ethoxy-l-one  ( i l l ) .  Both s p e c tra  showed C=C s tre tc h in g  a t  6.09 y. 
and conjugated  0=0 a t  5.89 but d id  not show ab so rp tio n  o r  u n sa tu ra te d  C-H 
s tr e tc h in g  a t  5*50 y ,  norm ally a t t r ib u te d  to  such s t ru c tu re s  as ( ib ) .  The 
spectrum  of l a  in  carbon te tr a c h lo r id e  showed two bands in  the  hydroxyl reg io n
9
f a l l i n g  a t  2.88 y  and 5.02 y ,  Bredenberg has assigned  the  band a t  2 .88  y  to  
the  normal OH ab so rp tio n  and the  band a t  5.02 ^  to  hydrogen bonded hydroxyl, 
r e s u l t in g  from th e  in te r-m o le c u la r  a s s o c ia tio n  o f t h i s  compound. F in a l ly , 
s tru c tu re  ( la )  was confirm ed by i t s  nucleiar magnetic resonance spectrum .
NUCLEAR MAGNETIC RESONANCE SRECTRA^°
S p ec tra  were recorded  f o r  5 -m e th y lcy c lo p en t-2 -en -2 -o l-l-o n e  ( l b ) , 5- 
ch lo ro -2 -m e th y lcy c lo p en t-2 -en -2 -o l-l-o n e  ( l l )  and 5 -m ethy lcyclopen t-2 -en-2 - 
methoxy-1 -one ( i l l ) .  Compounds ( ib )  and ( l l )  were scanned in  d e u te ra te d  
chloroform  so lu tio n  employing a te tram eth y ls i la n e  in te r n a l  re fe re n ce , and 
I I I  was run as the pure l iq u id .  The resonance d a ta , recorded  in  ta b le  2, 
were in te rp re te d  in  fav o r of s tru c tu re  ( l a ) .
The d if fe re n c e s  in  s tru c tu re  ( la )  and ( ib )  d isce rn a b le  to  nmr s p e c tra  
were in  the  p ro ton  r a t io s  o f tlie compounds, the  o le f in ic  hydrogen a s so c ia te d
(9 ) J. B. Bredenberg, Acta Chem. Scand., jj,, 1755 (l959)*
( 10) The author expresses his appreciation to Dr. William Senn, Esso 
Research Laboratories, Baton Rouge, La., for determining the n m r  spectra and 
for his valuable aid in their interpretation.
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only w ith  Ib , and the  environm ental surroundings o f the  m ethyl groups. An 
observed pro ton  r a t io  o f 4 *5*1 » the  absence o f o le f in ic  hydrogen resonance.
TABLE 2
COMPOUND RESONANCE VALUES - RECORDED IN PPM (^) PROTON
RATIO
CHj-C CH^-O-C —CH2 ” H-C-Cl H-O-C
l a 2.02 2.42 6.67 4*3*1










The s p e c tra  were recorded  on a V arian  Model-60 N uclear Magnetic 
Resonance Spectrom eter.
and the appearance o f the  methyl resonance as a s in g le  peak a t  jf 2 .02 , 
d ic ta te  the  choice o f s tru c tu re  l a .  A doub le t would be expected fo r  the  
m ethyl resonance o f Ib  because of i t s  ne ighboring  hydrogen. F u rth e r , the  
p ro ton  r a t i o  o f Ib  i s  seen to  be 5*2*1*1.
To dem onstrate th a t  s p l i t t i n g  would be observed f o r  th e  m ethyl resonance 
in  an environment analogous to  th a t  in  Ib , the  nmr s p e c tra  o f m ethylcyclo- 
pentane was recorded . The methyl resonance was found to  be a  doublet 
(5^ 1 .8 0 -2 .0 2 ) . The nmr d a ta  a lso  supported the  s t ru c tu re  proposed f o r  the
( l l )  NMR S p ec tra  C atalog , S p ec tra  129» V arian A sso c ia te s , Palo A lto , 
C a l ifo rn ia .
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m ethyl e th e r  ( i l l ) ,  thus len d in g  f u r th e r  credence to  th e  p a ren t s t ru c tu re  
( l a ) .
Of th e  th re e  p o ssib le  s t ru c tu re s  f o r  th e  c h lo r in a te d  d e r iv a t iv e ,  s t ru c ­
tu re  ( l l ) ,  i s  the  c o rre c t one on the b a s is  o f nmr d a ta . Although th e  p ro ton
Cl
0 H 5 ^ 0 E
I I  I l a  I lb
r a t i o  in  I I ,  I l a  and l i b  are the  same, the f a i lu r e  o f l i b  to  e x h ib it  any o le -  
f in io  hydrogen resonance, and the  f a c t  th a t  I l a  and l i b  show no s p l i t t i n g  f o r  
the  methyl resonance leaves I I  as the  only  lo g ic a l  ch o ice . The mechanism, 
however, by which 5 -ch lo ro -)-m e th y lc y c lo p en t-2 -en -2 -o l- l-o n e  ( l l )  was o b ta in ed  
from 3 -m e th y lcy c lo p en t-2 -en -2 -o l- l-o n e  ( la )  has no t been c l a r i f i e d .  Perhaps 
the  most obvious ex p lan a tio n , demanding th a t  the  c h lo r in a tio n  tak es  p lace by 
way o f a f r e e  ra d ic a l  re a c t io n , was in v e s t ig a te d . I t  was found th a t  th e  same
HCl
CEz-r—^ O H  CEz-r— ]-0E
^ ^ 0  + 2 ,01  > +
Ib  I I
product ( l l )  was obtained  w hether th e  aqueous c h lo r in a tio n  o f l a  was c a r r ie d  
ou t in  the presence o r absence o f l i g h t ,  o r in  the  absence of l ig h t  w ith  a  
f r e e  r a d ic a l  in h ib i to r ,  such as diphenylam ine.
In  none of the  re a c tio n s  was th e re  any s ig n i f ic a n t  v a riance  in  th e  r a te  
o f  c h lo r in a t io n  o r in  the  y ie ld  o f I I ,
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This behav ior does not appear c o n s is te n t w ith  a  f r e e  r a d ic a l  mechanism; 
p a r t i c u la r ly  fo r  the  c h lo r in a t io n  of l a  w ith  a  f re e  r a d ic a l  in h ib i to r  p re se n t, 
where d e f in i te ly  a  low er y ie ld  should have been o b ta in ed . I t  i s  concluded 
th a t  the  c h lo r in a tio n  o f l a  i s  an io n ic  re a c tio n . The crude c h lo r in a tio n  
p roduct i s o la te d  from th ese  re a c tio n s  corresponded roughly  in  weight to  a 
d ich lo ro -p ro d u c t, and upon s tan d in g  evolved hydrogen c h lo r id e . This f a c t  
seems to  support the  form ation  o f a  d ic h lo ro  in te rm ed ia te  compound, perhaps 
s im i.lar to  the  one proposed by Hesse and B reig , ̂
1 . 5-CYCLOPEHTANEDIONE
1,5-O yclopentanedione (Xl) may be prepared by the c a ta ly t ic  hydrogen­
a t io n  of 2 -cy c lo p en ten e -l,4 -4 io n e  (x ) ,  which i s  the  product r e s u l t in g  from 
the  chromic ac id  o x id a tio n  o f e i th e r  2 -c y c lo p en te n e -l,4 -& io l (IX ), o r a 
m ixture o f cy c lo p en tened io ls  (V III and IX ), compounds most re a d i ly  ob ta ined  
by the  ep o x id atio n  o f cyclopen tad iene  w ith  p e ra c e tic  a c id ,
NaaCOj ^
B icy cle - V III IX
pentadiene
— I — *
X XI
Pure c i s - 3 -c y c lo p e n te n e - l ,4 -d io l (IX) was prepared  from cyclopentad iene by
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12the  method o f Owen and Smith, and was then  ox id ized  w ith  chromic ac id  to
y ie ld  2 -c y c lo p en te n e -l,4 -d io n e  (x ) ,^ ^
X III XIV
The epoxidation^^ o f cyclopentad iene  y ie ld s  a m ixture o f cyclopen tene­
d io ls  which may he sep a ra ted  by f r a c t io n a l  d i s t i l l a t i o n  to  y ie ld  approxim ately  
50^ of (V III) and 70^ o f (IX ). The d io l  ( iX ), o r  a  m ixture o f d io l  (V II l)  
and (IX ), may be employed w ith  about equal success in  the o x id a tio n  process^^ 
w ith  chromic a c id , which y ie ld s  SO-'JOfo of X. An excess o f o x id iz in g  agent 
e f f e c t iv e ly  d e stro y s  the  5 -c y c lo p e n te n e - l,2 -d io l (V II l)  con tained  in  th e  
m ix tu re .
15The procedure o f Vanags and Gren,  ̂ re p o rte d  f o r  the  c a ta ly t ic  hydro­
gen a tio n  o f only 0 ,2  g . o f 2 -cy c lo p en ten e-l,4 -& io n e  (x),  was su c c e s s fu lly  
ap p lied  to  samples o f X rang ing  up to  0 ,5  mole. This l im it  was imposed by the
( 12) L, N. Owen and P, N, Smith, J ,  Chera. S o c ., 4055 ( l9 5 2 ) ,
( 15) C. H. DePuy and E. P. Zaweski, J .  Am. Chem, Soc., 81, 4920 (l959)»
C. H. DePuy and C. E. Lyons, ib id . . 82, 65I  ( 1960) ;
C. H. DePtiy and P. R. W ells, i b id , . 82, 2909 ( 1960) ;
G. H. Rasmussen, H. 0 . House. E. F. Zaweski, and C. H. DePuy,
Org. Syn theses, , 000 ( ) .  In  p re s s .
( 14) M. Korach, D. R. N ie lsen , and W. H. R ideout, J .  Am. Chem. S o c .,
82, 4528 ( i 960) ;  Org. Syntheses,, , 000 ( ) ,  In  P re ss .
( 35) S, Vanags and E. Y. Gren, L a tv ija s  PSR Z inatnu Akad, V e s t i s . ,
65 ( 1961) ;  Chem, A b s tra c ts , 4652 ( 1962) ,
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ca p a c ity  o f the  hydrogenation apparatus a v a ila b le , and the o b serv a tio n  th a t  
co n cen tra tio n s  o f X in  e th y l a lco h o l exceeding 20^ re s u lte d  in  a  decrease  in  
th e  y ie ld  of 1 ,5 -cyclopentaned ione  (X l) ,
1,5-C yclopentanedione (Xl) e x h ib its  the  same type o f tautom erism  as 
a c e to a c e tic  e s t e r ,  and i t  might be expected  to  y ie ld  ca rb o n -a lk y la tio n  pro­
d u cts  w ith  the  same re a g e n ts , r a th e r  th an  oxygen-a lk y la t io n  p roducts .
(X lla ) , R .  CH^OHgCHgCHgCEg- 
(X llb ) , R -  CE^CHgCSOCHg-
0-a lk v la t io n
" O .  S i P
-B»X.
E nolate  ion  of XI
^  ° 1 ^ - 0 R  P - A ^ M i o n
(XVa), R -  CH5CE2CE2CH2CR2-  
(XVb), R = OH2CE2CS5CCH2"
■When tr e a te d  w ith  méthylmagnésium c h lo r id e , X lla  should lead  d i r e c t ly  
to  dihvdro-.iasmone (V ia), w hile X llb  should be converted in to  an a ce ty len ic  
compound (VIb) th a t  can be s e le c t iv e ly  hydrogenated w ith  the  L in d ls r  c a ta ly s t  
(Pd on CaCOj) to  y ie ld  o is-jasm one (V Ic), which i s  found in  Jasroinum g ra d i-
CE, OE2CSOOE2CE H2
L in d la r c a ta ly s t
CEx-t rCHoCEzCHCEoOE^
VIb VIc
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florura. This re a c tio n  i s  o f p a r t ic u la r  im portance, because the  thermo­
dynamic a l ly  more s ta b le  tra n s  o le f in s  a re  the products o f most sy n th e tic  
re a c t io n s , whereas most o le f in s  o f n a tu ra l  occurrence have th e  c ia  co n fig u r­
a t io n .
I t  should be noted th a t  i t  i s  probably no t f e a s ib le  to  in tro d u ce  the
l-p e n t-2  —enyl group (-CK2C!EtCHCH2CH5) d i r e c t ly ,  because of th e  a l l y l i c  r e ­
arrangem ent (ÙH2CH=CHCH2CH5^—1'GH^CHÎhCH2CHj) .
S te t te r^ ^  has in v e s t ig a te d  e x te n s iv e ly  the  a lk y la tio n  o f 1 ,5-oyclohexane- 
dione w ith  a  number o f a lk y l h a l id e s , and heis found th a t  0 -a lk y la t io n  p re ­
dominated. Thus, i t  was no t so s u rp r is in g  to  f in d  th a t  the  a lk y la tio n  o f 1 ,3 -  
cyclopentanedione (Xl) w ith  1-bromopentane gave the 0 -a lk y la t io n  p roduct, 3- 
pen toxycyclopen t-2 -en-l-one  (XVa).
l6I t  was a lso  rep o rted  by S t e t t e r  th a t  th e  a lk y la tio n  o f 1 ,3 -cyclohexane-
dione w ith  r e la t iv e ly  more a c tiv e  h a lid e s , such as the  methyl h a lid e s , a l l y l
c h lo r id e , and benzyl c h lo rid e  gave good y ie ld s  o f the C -a lk y la tio n  p ro d u c ts .
The a lk y la t io n  o f e i th e r  1 ,3-cyclohexanedione o r  1 ,3 -cyclopentaned ione w ith
1 -h a lo -2 -a lk y n e8 has no t been re p o rted  in  the  l i t e r a t u r e ,  although th ese
17reagents have been used in the alkylation of |p-ketoesters, and apparently 
without rearrangement to aliénés.
Thus, th e  a lk y la tio n  o'" 1 ,3 -cyclopen taned ione  (X l) w ith  l-brom o-2-pentyne 
might be expected to  provide an ap p rec iab le  y ie ld  o f the  C -a lk y la tio n  product 
(X llb ) . I t  was a d isappointm ent to  id e n t i fy  a m ixture o f p ro d u c ts , which 
contained  only Y]io o f the C -a lk y la tio n  product (X llb ) , so th a t  th e  l a s t  two
(16) H. Stetter, Ber., 81, 695 (l954)> Angew. Chem., 783 (l955).
( 17) K. E. Schulte and K. Reiss, Ber., 9 6 4  (l954)*
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s tep s  in  the sy n th es is  (X llb —»VIb—jVIc) were no t c a r r ie d  o u t. The predomin­
an t p roduct, the  0 -a lk y la tio n  product (XVb), which was ob ta ined  in  a  y ie ld  o f 
58?é i s  o f no se rv ice  as an in te rm ed ia te  in  the  sy n th e s is  o f  o is -.iasmone.
In f ra re d  S p ec tra
The in f r a re d  sp e c tra  of c y c lo p e n t-2 -e n -5 -o l- l-o n e  (Xl)^® and 2 - (p e n t-2 -  
y n l)-c y c lo p e n t-2 -e n -3 -o l- l-o n e  (X llb) d id  not show hydroxyl o r  normal, hydrogen 
bonded hydroxyl n ear 5,00 m icrons, and the conjugated carbony l ab so rp tio n  
p red ic ted  f o r  th ese  s t ru c tu re s  was a lso  m issing  in  the  reg io n  o f 5*85-5*90 
m icrons. P r in c ip a l maxima a sso c ia te d  w ith  bo th  sp e c tra  were broad bands in  
the reg io n  of 3»70 and an in te n se  band a t  6,20
19An in te r p r e ta t io n  o f s im ila r  sp e c tra  was p resen ted  by Rassraussen, For 
example, a ce ty lace to n e , was found no t to  e x h ib it  ab so rp tio n  n ear 5*00 y. o r
5*90 ji, bu t showed a  broad , weak band a t  5*70 as do the  f a t t y  ac id  d im ers,
A very  s tro n g  band a t  6 ,50 y  was assigned  to  th e  carbonyl fu n c tio n , s in ce  0=0 
s t r e tc h in g  in  th i s  reg io n  i s  norm ally o f moderate in te n s i ty .  This u n u su a lly
la rg e  s h i f t  o f the hydroxyl and carbonyl bands was a t t r ib u te d  to  the  resonance
e f f e c t  o f "con jugate  c h e la tio n " ,
OH— 0 +0H 0-
CH5-C=0H-C-CH5 / ------------------- > OHj-d-OH^C-CHj
The c y c lic  p -d ik e to n e , 5»5 -d im ethy l-l,5 -cyclohexaned ione, which i s  in cap ­
able o f in tra -m o le c u le r  hydrogen bonding, n e v e r th e le ss  e x h ib ite d  a  spectrum
(18) J ,  H, Boothe, R. G. W ilkinson, S. Kushner, and J ,  H, W illiam s,
J ,  Am, Ohom, S oc ,, 1752 (l955)*
( 19) R. S. Rasmussen, D. D. T u n n ic l if f ,  and R, R, B r i t t a in ,  J ,  Am, Chem, 
Soc,, 11 , 1068 ( 1949)*
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q u ite  s im ila r  to  th a t  o f a c e ty la c e to n e . The hydroxyl band was recorded a t  
3 .80  ^  and the  carbonyl a t  6.23  )i* In  th is  in s ta n c e  hydrogen bonding was 
sa id  to  be in te rm o le c u la r  in  n a tu re .
Thus f o r  th e  compounds (Xl) and (X llb ) , the  observed s p e c tr a l  ab so rp tio n  
may be a t t r ib u te d  to  hydrogen bonding o r "con jugate  c h e la tio n "  o f the  type
shown. I t  was noted th a t  th e  0 -a lk y la t io n  p ro d u c ts , 3 -pen toxy-cyclopen t-2 - 
en -l-o n e  (XVa) and 5 -(p en t-2 -y n o x y )-cy c lo p en t-2 -en -l-o n e  (XVb) provided 
in f ra re d  s p e c tra  t h a t ,  in  a normal sen se , were in  harmony w ith  t h e i r  proposed 
s t r u c tu r e s .  Both s p e c tra  showed th e  expected conjugated  carbonyl band 
(5 .67  Ji) and th e  C-0 band a t  8 .50 |i , and a lso  th e  c h a r a c te r i s t ic  ace ty lene  
band a t  4»50




5-M ethyloycloT )ent-2-en-2-ol-l-ono ( l a ) .  T his substance i s  a  n a tu ra l  
product o b ta in ed  from beech o r  spruce wood^’ ^ as a  p a ls -y e llo w , c r y s ta l l in e ,  
monohydrate, m .p, 77-81°. P u r i f ic a t io n  was accom plished by ro f lu x in g  )00 ml. 
o f  benzene c o n ta in in g  I 50 g . o f th e  crude compound in  a  f la s k  f i t t e d  w ith  a  
D ean-Stark t r a p  u n t i l  a l l  t r a c e s  o f  w ater were removed. This procedure gave
16.8  g . o f the  w ater c a lc u la te d  f o r  th e  c r y s ta l l in e  monohydrate. The
benzene s o lu tio n  was co n cen tra ted  under reduced p re ssu re  u n t i l  a  heavy s lu r r y  
o f  p re c ip i ta te d  3 -m e th y lo y c lo p en t-2 -en -2 -o l-l-o n e  had formed. Iso p ro p y l 
a lco h o l, 150 m l . , was then  in tro d u ced  and th e  m ixture was warmed u n t i l  
s o lu t io n  o f the  so lid  took p la c e . Upon co o lin g , 94 S* (849^) o f  3-m ethyl- 
c y c lo p e n t-2 -en -2 -o l- l-o n e  was f i l t e r e d  from the  s o lu t io n  as la rg e , w hite  
p rism s, m.p. 104-105°. By c o n c e n tra tin g  the  f i l t r a t e ,  a  second crop o f 
c r y s ta l s ,  7 .8  g . , m.p. 103-104°, was ob ta ined  to  g ive a  t o t a l  recovery  o f 
102 g . ( 919^). A sample o f th e  m a te r ia l ,  sublimed a t  120-121° (30 ram.), m elted 
a t  105- 106°  ( l i t . ^  m.p. 105- 106°  (from  ab so lu te  e th y l  a lc o h o l) , m.p. IO6-  
107°  (su b lim ed); and® m.p. 106° (sublim ed) ) .  The in f r a re d  spectrum  of the
m a te r ia l in  a  potassium  bromide w afer showed the  bands: 3 .00 s ,  3 .45 m,
5.92  s ,  6 .10 s ,  6,95  m, 7.25  m, 7.40  w, 7 .70 w, 8 ,10 m, 8.33 m, 9 .00  a ,
9.72  m, 10.45  w, 11.00 w, 12.25  w, and I 4 .IO w m icrons.
( 20) M elting p o in ts  are  c o rre c te d  and b o i l in g  p o in ts  a re  u n co rrec ted . 
M icroanalyses were determ ined by Schwarzkopf M ic ro an a ly tic a l L aborato ry , 
Woodside 77» N .Y ., and G a lb ra ith  f f ic ro a n a ly tic a l  L a b o ra to rie s , K noxv ille , 
Tennessee, In f ra re d  s p e c tra  were recorded  on a  Beckman Model IR-5 In f ra re d  
Spectrophotom eter, Gas phase chrom atographic an aly ses were run  on a  B arber 
Coleman Model 20 Gas Chromatograph.
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The s t r u c tu r e . 3 -m e th y lc y c lo p en t-2 -e n -2 -o l- l-o n e . i s  supported  hy i t s  
o x id a tio n  p ro d u c t. To a  w e ll s t i r r e d  m ixture o f 4*5 g« (0 .04  mole) o f 3- 
m e th y lc y c lo p e n t-2 -en -2 -o l- l-o n e , m.p. 104- 105° ,  50 ml. o f w ater and 7 .1  g.
( 0.072  mole) o f s u lfu r io  ac id  th e re  was added dropwise a  s o lu tio n  o f 7»6 g . 
(0.048  mole) o f potassium  permanganate in  200 ml. o f w a ter. The re a c tio n  
tem peratu re  was m ain tained  below 10° du rin g  th e  a d d itio n  and f o r  an 
a d d it io n a l  two hours th e r e a f te r .  A sm all amount o f manganese d iox ide  which 
had formed toward the end o f th e  re a c t io n  was removed by f i l t r a t i o n  and the  
f i l t r a t e  was placed in  an e th e r -w a te r  e x tra c to r  f o r  12 h r s .  The e th e r  e x t r a c t  
was d r ie d  over anhydrous sodium s u lf a te  and co n cen tra ted  to  y ie ld  4 S» o f 
yellow  l iq u id  th a t  s o l id i f i e d  below 15°. D i s t i l l a t i o n  gave 2 .2  g . (48^) o f 
le v u l in ic  a c id , b .p . 109-112° ( l .5  mm.), n^^ 1 . 4452, m.p. 30° , n e u t. e q u iv .,
117 ( c a lc d . 116) ( l i t . 21 b .p .  145° ( U  mm.), b .p .  245° ,  m.p. 33-35°; and 2% 
b .p .  137°  (10 mm.) ) .  The in f r a re d  spectrum  o f th i s  m a te r ia l was id e n t ic a l  
w ith  th a t  o f  an a u th e n tic  sample o f le v u l in ic  ac id .
3-M ethylcyclopent-2-en-2-m ethoxv-l-one ( i l l ) .  Procedure A. A lk y la tio n  
o f l a  w ith  m ethyl io d id e . Sodium m ethoxide, 10.8 g . (0 .2  m ole), was added in  
sm all p o rtio n s  to  22.4 g. (0 .2  mole) o f 3 -m eth y lcy o lo p en t-2 -en -2 -o l-l-o n e  
( l a ) ,  m .p. 104-105°, in  100 ml. o f  co ld , anhydrous methyl a lc o h o l. A fte r  the  
a d d itio n  o f  71 g . (0 .5  mole) o f  m ethyl io d id e  th e  s o lu tio n  was re flu x e d  f o r  5
h r . , and th en  the  a lco h o l was d i s t i l l e d  from the  s o lu t io n  under reduced
p ressu re  u n t i l  a  s lu r ry  o f p re c ip i ta te d  sodium io d id e  rem ained. The s lu r ry  was
then  e x tra c te d  th re e  tim es w ith  20 ml. p o rtio n s  o f e th e r .  Upon removal of
( 21) P. P. T. 8ah and Shao-Yaun Ma, J ,  Am. Chem. S o c ., _52., 4880 ( I 930) .
( 22) B. P . McKenzie, Org. S yntheses, C o ll. V o l., I ,  555» John Wiley & 
Sons, I n c . ,  New York ( l9 4 l)*
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e th e r  from the d r ie d , combined e x tra c ts  and d i s t i l l a t i o n  o f th e  re s id u e  th e re  
was o b ta ined  21.2 g. (8496) o f I I I ,  b .p . 83-84° (15 mm.), 1.4892 ( l i t . ^
b .p . 85-92° (17 mm.), n^^ I . 4945; and ® b .p . 76- 78° ( l 2 mm.) ) .
2
Procedure B. A lk y la tio n  o f l a  w ith  dim ethyl s u l f a t e . Dimethyl s u l f a te ,
7 .8  g. ( 0,062  m ole), was added dropwise w ith  co o lin g  and vigorous s t i r r i n g  to  
a  s o lu tio n  o f 7*8 g. (0.07  mole) o f ( la )  in  50 g . o f a  10^ sodium hydroxide 
s o lu tio n  ( 0,075  mole of NaOH). The re a c tio n  m ixture was allowed to  s tan d  12 
hours a t  room tem peratu re  and was then  c h i l le d ,  e x tra c te d  tw ice w ith  30 ml. 
p o rtio n s  o f e th e r ,  s a tu ra te d  w ith  sodium c h lo rid e  and e x tra c te d  w ith  ano ther 
30 ml, p o rtio n  e th e r .  The combined e th e r  e x tra c ts  were washed w ith  w ater, 
d r ie d  over anhydrous magnesium s u l f a te ,  co n cen tra ted , and d i s t i l l e d  to  y ie ld  
7 ,0  g. (80^) o f I I I ,  b .p . 83-84° (15 mm.), n^^ 1.4892. The in f ra re d  spectrum  
was id e n t ic a l  w ith  th a t  o f th e  e th e r  ob ta ined  in  procedure A, showing 
p r in c ip a l  maxima a t  5*85 31, p -u n sa tu ra ted  0=0; 6 ,1 0 ^ ,  0=0 s tre tc h in g , 
and e th e r  bands in  the range 8.25-9»15)>-* Both samples were shown to  be pure 
compounds w ith  th e  same r e te n t io n  tim es when chromatographed on a  200 f t .  
Apiezon c a p i l la r y  column,
2-n-A m yl-5-m ethylcyclopent-2-en-l-one ( iv )  and 2-am ylidene-5-m ethylcyolo- 
pentanone (V ), Procedure A, Prom l a . To an e th e re a l  s o lu tio n  of n-amy 1- 
magnesium c h lo r id e , prepared  from 128 g. ( l .2 0  moles) o f n-amyl c h lo rid e  and 
26,7  g , ( 1,10  atoms) o f magnesium, was added in  th re e  p o rtio n s  over a  p eriod  
o f 15 min. 44*8 g . (0,40  mole) o f  powdered, anhydrous 3 -m ethy lcyclopen t-2-en-
2 -o l- l-o n e  ( l l ) ,  m.p. 104-105°* A fte r  a  v igorous re a c tio n  had subsided , the  
re a c t io n  m ixture was re flu x ed  f o r  1 .5  h r .  and allowed to  stand  o v e rn ig h t. I t  
was then  poured in to  a  s t i r r e d  m ixture o f 0rushed ic e  and 200 ml, of con­
c e n tra te d  hyd ro ch lo ric  a c id . The e th e re a l  s o lu tio n  was sep a ra te d , and washed
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su ccess iv e ly  w ith  sm all q u a n t i t ie s  o f w ater, 1̂  sodium hydroxide s o lu t io n , and 
again  w ith  w a ter, and was d r ie d  over anhydrous calcium  c h lo r id e . The e th e re a l  
s o lu tio n  was co n cen tra ted  hy ev ap o ra tio n  and d i s t i l l e d  to  y ie ld  49 g* (74/ )̂ o f  
a c o lo r le s s ,  odorous o i l ,  b .p .  85- 06^ (4  mm.), and 10 g . o f a  re s id u e  which was 
not examined. The f e r r i c  c h lo rid e  t e s t  fo r  eno ls was n e g a tiv e , in d ic a tin g  
th a t  the  product was not contam inated w ith  tra c e s  o f s t a r t in g  m a te r ia l . 
R e fra c tio n a tio n  through a  10-inch , vacuum -jacketed, packed column gave g. 
o f p roduct, b .p . 75.5-76° (2 mm.), 1.4674. 0.9022.
This product was shown by vapor phase chrom atographic a n a ly s is  (200 f t .  
Apiezcn c a p il le u y  column) to  be a  b in a ry  m ixture o f compounds w ith  a  p e r­
centage com position, 51*75̂  and 48* 5?̂ »
The p r in c ip a l in f r a r e d  ab so rp tio n  freq u en c ies  a re : u n sa tu ra te d  a l i ­
p h a tic  C-H s tre tc h in g , 5.52 ex', j^ u n sa tu ra te d  0=0, 5.87 0=0 s tr e tc h in g ,
6.10 fi. These d a ta  are  in  harmony w ith  the p re d ic ted  c h a r a c te r i s t ic s  o f the  
expected isom eric p ro d u c ts , 2-am ylidene-5-niethylcyclopentanone (IV ), and
2-n -am yl-5-rao thy lcyclopen t-2-e n -l-o n e  ( v ) ,  which are  isom ers o f d ihvdro - 
jasmone and te tra h y d ro p y re th ro n e .
Anal. Calcd. fo r  CiiHigO: C, 79*46; H, 10.92. Pound: C, 80.12,
79.88; H, 11.09, 10.90.
C a ta ly tic  hydrogenation o f 5 g* o f the b in a ry  m ixture in  anhydrous 
methyl a lco h o l, u s in g  a  pa llad iu m -ch arco a l c a ta ly s t ,  re q u ired  the  c a lc u la te d  
amount o f hydrogen, and gave 4*4 g* o f a l iq u id ,  b .p .  65- 67° (2 mm.), n^^ 
1 . 4455, whose in f ra re d  spectrum  was e n t i r e ly  f r e e  o f the  a b so rp tio n  bands 
showing u n sa tu ra tio n  a t  5*32 ji and 6.10  ji, which were p re sen t in  the  b in a ry  
m ix tu re . This liqu i.d  was shown to  be a  pure compound, by vapor phase chromato­
graphy, and corresponds to  the  s t r u c tu r e ,  2-n -am yl-5-m ethylcyclopentanone 
(V II ) .
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A nal, C alcd, f o r  O11H20O1 C, 78 ,51 ; H, 11 ,98 , Found* 0, 78,76; H, 12 ,55 ,
Procedure B. From I I I , To an e th e re a l  s o lu tio n  of n-amylmagnesium 
c h lo r id e , prepared  from 4 g . ( 0 , l 65 atom) o f magnesium and I 9 g , ( 0 . I 8 mole) 
o f n -a q y lc h lo rid e , b ,p , 106-108°, was added 15.5 g . (0 ,12  mole) o f 5-methy1- 
cyclopen t-2 -en-2 -m ethoxy-l-one  ( i l l ) ,  b ,p ,  85- 84° (15 mm,), n^^ 1,4912, a t  
a  r a te  s u f f ic ie n t  to  m aintedn r e f lu x  o f the  e th e r .
Upon working up th e  product as d esc rib ed  in  procedure A, th e re  was 
ob ta ined  I 6 g , (80^^) o f an odorous l iq u id ,  b ,p ,  77-78° (2 mm,), n^^ 1,4682, 
which was shown to  be alm ost id e n t ic a l  w ith  the  product ob ta ined  in  procedure 
A by a  comparison of t h e i r  in f r a r e d  s p e c tra .  The product was shown to  be a  
b in a ry  mi.xture by gas chromatography w ith  the  percen tage  com position, 48,6  
and 51. 4 .
Procedure Ç, From th e  sodium s a l t  o f l a . The sodium s a l t  o f  5-m ethyl- 
c y c lo p e n t-2 -e n -2 -o l- l-o n e  ( la )  was prepared  in  th e  fo llo w in g  way. To 55.6 g , 
(0 ,5  mole) o f l a  in  100 ml, o f  anhydrous methanol was added p o rtio n -w ise  
16,2  g , ( 0 ,5  mole) o f sodium m ethoxide, w hile m ain ta in in g  the  re a c tio n  
tem perature  below 50°. The r e s u l t in g  s o lu tio n  was evaporated  alm ost to  
dryness under reduced p ressu re  and the re s id u e  was washed s e v e ra l  tim es by 
d é c a n ta tio n  w ith  anhydrous e th e r .  The sodium s a l t  was th en  warmed and shaken 
f o r  4 hours under reduced p ressu re  to  remove tra c e s  o f so lv e n t. Y ie ld , 58.5 g
(9696) ,
To 0 .50  mole o f  an e th e re a l  s o lu t io n  o f n-amylmagnesium c h lo rid e  was
added 26.8  g . (o ,2  mole) o f th e  sodium s a l t  over a  p e rio d  o f 50 min. The
product o f th e  re a c t io n  was i s o la te d  in  the  manner d esc rib ed  in  procedure A,
and c o n s is te d  o f  22 g , ( 6696) o f an odorous l iq u id ,  b ,p ,  72-75° ( I .8  mm,),
20Ujj 1 , 4680, and i t s  in f r a re d  s p e c tra  was alm ost id e n t ic a l  to  th a t  ob ta ined  
fo r  the  product in  procedure A. Percentage com position , 50,8 and 49 .2 .
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Procedure D, From I I I  and n -am y llith iu m . To 80 ml, o f an e th e re a l  
s o lu tio n  o f am yllith ium , p repared  from 1 ,7  g . (0 ,24  atom) o f li th iu m  and 
18,12 g . (0 ,12  mole) o f  n-amyl bromide th e re  was added dropwise w ith  s t i r r i n g  
a t  -10° a  s o lu t io n  o f 10 g. (O.OB mole) o f I I I  in  30 ml. o f e th e r .  S t i r r in g  
was continued  f o r  2 h r s ,  a f t e r  the a d d itio n  was com plete, fo llow ed by hydro ly ­
s i s  over a  s l u n y  of h y d ro ch lo ric  ac id  and ic e .  I s o la t io n  accord ing  to  
procedure A, gave 9 g* (68?Q of l iq u id ,  b .p . 76-77° (2 mm,), 1, 4678,  The
in f r a r e d  sp e c tra  was alm ost id e n t ic a l  w ith  th a t  o f the  product in  procedure 
A. P ercen tage com position, 52.2 and 47*8.
5-C h lo ro -3 -m ethy lc .yclopen t-2 -en -2 -o l-l-one  ( l l )  Procedure A, the  
manner d esc rib ed  by Hesse and B re ig .^  L iquid  c h lo r in e , 14,2  g , (0 ,2  mole) 
was vaporized  in to  a  s o lu tio n  o f 22 .4  g* (0 ,2  mole) o f 3 -m ethy lcyclopent-2- 
e n -2 -o l- l-o n e  ( ib )  in  225 ml, o f w ater a t  a  r a te  s u f f ic ie n t  to  m ain ta in  the  
re a c t io n  tem perature a t  30° ,  10-15 min. The s o lu tio n  was im m ediately cooled 
and e x tra c te d  w ith  sm all p o rtio n s  o f e th e r  u n t i l  the  e x tra c ts  were no lo n g e r 
co lo red . E th er was removed from th e  combined e x tr a c ts  le av in g  38 g . o f a 
yellow-brown o i l  which was s e t  a sid e  to  c r y s t a l l i z e .  The crude m a te r ia l 
formed c r y s ta ls  very  slow ly accompanied by the  lo s s  o f hydrogen c h lo rid e  u n t i l ,  
a f t e r  34 h r . ,  th e re  rem ained 28 g , o f a  brown s o l id .  R e c ry s ta l l iz a t io n  from 
w ater gave 20 g. (6^^) o f  I I  as la rg e  w hite c r y s ta l s ,  m.p, 98-99° ( l i t .®  
m,p, 9 8 °),
The same re a c tio n , rep ea ted  a t  15-20°, proceeded a t  about the  same r a te
and gave 22 g . (70^) o f I I ,  m.p, 98-99°*
The ac id  permanganate o x id a tio n  o f I I  gave a  41^ y ie ld  o f p -a c e ty la c x y lic
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a c id , m.p, 125-126°, n e u t. e q u iv ., 114$5 (c a lo d . 134)» Reported^^ m.p. 125- 
126° .
Procedure B. the absence o f l i g h t  w ith  d ipheny l amin e . The pro­
cedure and q u a n ti t ie s  o f r e a c ta n ts  were the  same as in  procedure A, w ith  the  
fo llo w in g  ex cep tio n s . The w ater s o lu t io n  o f Ib  con tained  1 g . o f d iphenyl 
amine and was s a tu ra te d  w ith  n itro g e n  p r io r  to  the  a d d it io n  o f c h lo r in e . A lso , 
l ig h t  was excluded from the  re a c t io n  by wrapping the  re a c t io n  f la s k  and 
c h lo rin e  i n l e t  tube w ith  aluminum f o i l .  In  t h i s  manner, th e re  was ob ta ined  
19 g . (65/6) o f I I ,  m.p. 98-99°, mixed m.p, w ith  the  p roduct ob ta ined  in  pro­
cedure A, 98-99°»
1 ,5-CYCLOPEffl'ANEDIONE
C yclopentadiene. T echnical grade d icy c lo p en tad ien e  o f Qjfo p u r i ty  was 
pyrolyzed in  a  500 ml. f la s k  equipped w ith  a 56- in c h , vacuum -jacketed column 
packed w ith  g la s s  p e a r ls .  At a  pot tem peratu re  o f 190-200° the  d i s t i l l a t e ,  
b .p ,  39-40°, was c o lle c te d  a t  a r a te  o f 6O-8O g. p e r h r ,  in  a  re c e iv e r  
immersed in  a  Dry Ic e - iso p ro p y l a lco h o l b a th , and s to re d . P r io r  to  u se , i t  
was f i l t e r e d  to  remove ic e  p a r t i c l e s ,  shaken w ith  anhydrous magnesium s u lf a te  
f o r  a  sh o r t tim e, and then  r e d i s t i l l e d  to  y ie ld  a  p ro d u c t, b .p . 40- 41° ,
r ÿ  1. 4435.
c is-1 .4-D ibrom o~2-cvclopontene ( X I I l ) .  To a  s t i r r e d  s o lu tio n  o f 99 g . 
( 1.5  mole) o f f r e s h ly  d i s t i l l e d  cyclopen tad iene  in  I 50 ml. o f chloroform  was
(23) L. W olff, Ann., 245 ( I 891) .
( 24) H. Stobbe and P . Reuss, A nn., 591. 151 (1912).
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added 240 g . ( l . 5  mole) o f bromine in  I 50 ml, o f chloroform  a t  such a  r a te  
30 as to  m ain ta in  the re a c t io n  tem peratu re  below Im m ediately a f t e r  the
a d d itio n  was complete the  so lv en t was removed under reduced p re ssu re , and the  
re s id u e  was f r a c t io n a te d  to  y ie ld  261 g, (775^) o f X III , b .p . 58-59° ( 0 .5  mm.), 
n^^ 1.5618 ( l i t . ^ ^  b .p .  60- 65° ( 0 .5  mm.), n^^ 1 .5827).
c i8 -2 -c y o lo n e n te n e - l. 4 -d io l  d ia c e ta te  (XIV).^^ A so lu tio n  o f 226 g.
(1  mole) o f  c i s - 1.4-dibrom o-2-c.yolopentene (V IIl)  in  280 ml. o f dry acetone 
was added dropwise w ith  s t i r r i n g  to  514 g« (2 .5  moles) o f tetraethylamm onium 
a c e ta te  monohydrate^^ in  1800 ml, o f acetone a t  0° to  5 ° . A fte r  the a d d itio n  
was complete th e  re a c tio n  m ixture was allow ed to  stand  a t  0° fo r  16 h r .  and 
then  was f i l t e r e d  to  remove p re c ip i ta te d  sodium bromide. The f i l t r a t e  was 
co n cen tra ted  under reduced p re ssu re , d i lu te d  w ith  w ater, and e x tra c te d  w ith  
e th e r .  The e th e r  e x tr a c t  was d r ie d  over anhydrous sodium s u l f a te ,  con­
c e n tra te d , and the re s id u e  d i s t i l l e d  to  y ie ld  154 S* (75/^) o f  XIV, b .p .  78- 
80° (0 .6  mm.), 1.4573 ( l i t . ^ ^  b .p .  82-85° (0 .5  mm.), t ÿ  1 .4575 .)
c is -2 -C y c lo p e n te n e - l.4 -d io l  ( i x ) .  Procedure A. ^  h y d ro ly s is  o f XIV. 
c is -2 -C y c lo p e n te n e - l,4 -d io l  d ia c e ta te  (XIV), (55 .2  g . , 0 .5  m ole), was hydro­
lyzed by h e a tin g  under re f lu x  w ith  186 g . ( l . l 2  moles) o f  barium oxide and 
500 ml. o f  e th y l  a lco h o l fo r  24 h r .  The barium  s a l t s  were removed by f i l ­
t r a t i o n  and the  f i l t r a t e  was t r e a te d  w ith  carbon d iox ide  to  remove any
(25) This compound was prepared  accord ing  to  the  procedure by Steigman 
and Hammett, J .  Am. Chem. S e e ., 52.» 2536 (1937). Tetraethylammonium a c e ta te  
te tra h y d ra te  was converted  to  the  l iq u id  monohydrate by h e a tin g  a t  40- 50° 
under low p re ssu re  o v e m i ^ t ,  r a th e r  than  s to r in g  over phosphorous pentoxide 
as in  the  procedure c i t e d .
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■barium s a l t s  rem aining in  so lu tio n . The a lco h o l was removed from the s o lu tio n  
under reduced p re ssu re , and the  re s id u e  was f ra o tio n e d  to  y ie ld  17*4 S* (505^) 
o f IX, b .p .  116-118° (2 mm.), n^^ 1.5018 ( l i t . ^ ^  b .p . 120° (2 mm.) ) .
Procedure B. ^  th e  a c tio n  of p e ra c e tic  ac id  on cyclo p en tad ien e . ^  to  
produce a  m ixture o f V III and IX. F i f ty  s ix  grams o f 96^ cyclopen tad iene 
(0 .81  m ole), 67O g. o f methylene ch lo rid e  and IO6 g . ( l  mole) o f  anhydrous 
sodium carbonate were p laced in  a  round bottomed, 1-1., 3-necked f la s k  f i t t e d  
w ith  a thermometer w e ll, a  meohanioal s t i r r e r  and a  C la isen  neck to  which 
was a ttach ed  an a d d itio n  fu n n e l and a re f lu x  condenser. The s t i r r e r  was 
tu rned  on and a  so lu tio n  o f 2 g . o f sodium a c e ta te  so lu tio n  in  76 g . o f hffjo 
p e ra c e tic  ac id  (O .4O mole) was added over a p eriod  o f  approxim ately o n e -h a lf 
hour w hile m ain ta in ing  a  tem perature  o f 20°. A fte r  s t i r r i n g  a t  ambient 
tem perature f o r  an a d d itio n a l hour, the re a c tio n  m ixture was f i l t e r e d  w ith  
su c tio n , and the  f i l t e r  cake was washed 5 tim es w ith  a  t o t a l  o f 225 ml. o f 
f r e s h  methylene c h lo r id e . The combined f i l t r a t e  and methylene c h lo rid e  wash 
s o lu tio n  was added, w ith  ra p id  a g i ta t io n  over a  p e rio d  o f one hour, to  250 ml. 
o f c h i l le d  (5 -10°) d i s t i l l e d  w ater con tained  in  a 2 -1 . ,  3-necked f la s k  f i t t e d  
w ith a  condenser, m echanical s t i r r e r  and a d d itio n  fu n n e l. A fte r a llow ing the  
o o n ten ts  o f the  f la s k  to  s t i r  f o r  an a d d itio n a l hour w hile th e  tem perature  was 
allowed to  r i s e  to  15-20°, the  la y e rs  were sep a ra ted  and the  methylene c h lo rid e  
la y e r  was e x tra c te d  two tim es w ith  25 ml. o f d i s t i l l e d  w a ter. The aqueous 
e x tra c ts  were combined w ith  the  aqueous phase ob ta ined  from th e  h y d ro ly s is  
re a c tio n  and th e  combined s o lu tio n  was d i s t i l l e d  a t  approxim ately 30 mm. 
p ressu re  to  remove w ater. The re s id u a l ,  mixed cy c lo p en ten ed io ls  d i s t i l l e d  
a t  8 2 -1 0 5 ° /l mm. The y ie ld  was 27.1 g. (68^ based on the  q u a n tity  o f  p er­
a c e tic  ac id  u sed ) .
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2-C yolopeatene-lo4-d ione (x ) ,^ ^  Prooediire A, ^  the  o x id a tio n  o f c ie -
2-c.Tclopentene-l . 4 - d io l  (IX ). To a  m ixture o f 10 g . (O .l mole) o f  IX, 40 
m l. o f w ater and 60 ml. o f m ethylene ch lo rid e  was sdded dropw ise, w ith  ra p id  
s t i r r i n g  a t  -5  to  0 ° , an o x id a tio n  m ixture composed of 20 g, (0 .2  mole) o f 
chromic ac id  anhydride , 32 ml. o f co n cen tra ted  s u l fu r ic  ac id  and 90 ml. o f 
w a te r . A re q u ire d  excess o f o x id iz in g  agent was p re sen t a f t e r  th e  a d d itio n  
was com plete, as in d ic a te d  by the  deepening of c o lo r  caused by adding a few 
drops o f the  aqueous phase to  a  0 .4 ^  so lu tio n  o f sodium diphenylam ines u l­
fo n a te . S t i r r in g  was continued  f o r  one hour a t  0° and then  f o r  an a d d itio n a l 
15 min. a f t e r  40 ml. o f chloroform  had been added. The organ ic  la y e r  was 
sep a ra ted  and th e  aqueous la y e r  was tw ice e x tra c te d  w ith  40 m l.-p o r tio n s  o f a 
m ixture ( l i l  by volume) o f chloroform  and methylene c h lo r id e . The organ ic  
la y e r  and e x tr a c ts  were combined, washed w ith  30 ml. o f w ater and co n cen tra ­
te d  under reduced p ressu re  a t  15-20°, As the l a s t  t r a c e s  o f so lv e n t were 
removed, 2 -c y c lo p en ten e -l,4 -d io n e  (X) appeared as a  yellow , c r y s ta l l in e  mass 
th a t  m elted a t  room tem peratu re , c a . 35°» R e c ry s ta l l iz a t io n  from e th y l e th e r  
a t  -75° gave 5*9 g . (6l?o) o f X as pa le -y e llo w  p la te s ,  m.p. 35»5-36° ( l i t , ^ ^  
m .p. 37-30°). The in f ra re d  si^ectrum showed the  fo llow ing  ab so rp tio n  bands: 
3.25  w, 3.36  w, 5.83  8 , 6.09  w, 7.25  m, 7.60  m, 8.09  8, 8.25  m, 9 .47 m, and 
10.69  s , m icrons.
Procedure B. ^  the  o x id a tio n  o f a  m ixture o f V III and IX. The pro­
cedure used was the  same as th a t  d esc rib ed  in  procedure A, excep t th a t  
a d d itio n a l chromic ac id  had to  be added to  achieve an excess o f o x id iz in g  
agent in  th e  m ix tu re . Thus, 45 g . o f  a  m ixture o f V III and IX (shown by gas 
chromatography to  co n ta in  67?̂  o f IX) was ox id ized  w ith  a  t o t a l  o f  110 g.
( 1 .1  moles) o f chromic acid  anhydride and 176 ml. o f co n cen tra ted  s u lfu r ic
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a c id , and th e re  was ob ta ined  25 go of crude m a te r ia l ,  m.p, 25-30°, Eecry- 
s t a l l i z a t i o n  from e th e r  gave 21 g . (705^) o f X, m.p, 35-36°,
1.3-CycloT)entanedione C a ta ly tic  hydrogenation  was c a r r ie d  ou t a t
25° and 9 p a ig , , and u s in g  1 g . o f Raney N ickel and 20 g. (0 ,2  mole) o f 2- 
c y c lo p e n te n e - l ,4-d ione ( i l l )  i n  200 ml, o f e th y l a lco h o l c o n ta in in g  a c r y s ta l  
o f potassium  io d id e . A fte r  20 min, the  uptake was 90^ o f th e  th e o r e t ic a l  
amount o f hydrogen re q u ire d . The c a ta ly s t  was removed by f i l t r a t i o n ,  and the  
a lc o h o lic  s o lu tio n  was co n cen tra ted  under reduced p ressu re  u n t i l  the  f i r s t  
appearance o f a  s o lid  p r e c ip i ta te  was ev id en t. The s o lu tio n  was then  p laced  
in  an ic e  w ater ba th  u n t i l  p r e c ip i ta t io n  appeared com plete, and f i l t e r e d  to  
y ie ld  16,5 g. o f crude m a te r ia l ,  m,p. 133-138°. R e c ry s ta l l iz a t io n  from 
ab so lu te  e th y l a lco h o l gave 14 g ilCffo) o f XI, m.p, 146-147°* A second re c ry ­
s t a l l i z a t i o n  o f a  sm all amount o f  m a te r ia l from e th y l a lco h o l gave c r y s ta ls  
m eltin g  a t  149-150° ( l i t , ^ ^  m.p, 150-151°; and m.p, 1 51 ,5 -152 ,5°. I n f r a ­
red  maxima c h a r a c te r i s t ic  o f  XI were (KBr w a fe r): 3*22 w, 5.40  w, 5*50 w,
3 , 70- 4*30 w (b ro ad ), 5*29 w, 5*80 w, 6,30  s ,  6,95 s» 7*10 s ,  7*60 s ,  7*96 s ,
8 ,10 s , 6,03  8, 9*80-10,00 m (b ro ad ), 11,05 w, 11 ,60 m, 11,78 m and 12,00 w 
m icrons,
3-Pentoxyc.vclo n e n t-2 -e n - 1-one (XVa), To 9*8 g , (O.IO mole) o f 1 ,3 -c y c lo -  
pentanedione (Xl) in  20 ml, o f co ld , anhydrous m ethyl a lco h o l was added 30 ml, 
o f m ethyl a lco h o lic  s o lu tio n  o f sodium m ethoxide, prepared from 2,3 g*
(0 ,1  g ,-a tom ) of sodium. The s o lu tio n  was then  re flu x ed  w ith  l6 ,6  g , ( O . l l  
mole) o f 1-bromopentane u n t i l  n e u tra l  (24  h r s ,)*  The a lco h o l was removed 
under reduced p re ssu re , and then  was rep laced  by 100 ml, o f  co ld , 49̂  s o lu t io n
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o f  8odium hydrox ide . A fte r  e x tra c t io n  w ith  th re e  50 m l,-p o r tio n s  o f e th y l 
e th e r  th e  aqueous la y e r  was f i l t e r e d ,  and th en  a c id i f ie d  w ith  d i lu te  hydro­
c h lo r ic  a c id , which r e s u lte d  in  the  s e p a ra tio n  o f 2 .5  g , o f  a  d a rk , gummy 
p r e c ip i ta te  (p o s it iv e  f e r r i c  c h lo r id e  t e s t )  th a t  f a i l e d  to  c r y s t a l l i z e .  The 
combined e th e r  e x t r a c ts ,  a f t e r  d ry in g  over anhydrous sodium s u l f a t e ,  were 
co n cen tra ted  and the  re s id u e  was f r a c t io n a te d  through a  6 -in ch , vacuum- 
ja ck e te d  column, packed w ith  g la s s  h e l ic e s ,  to  y ie ld  11.3 g . (6?^) o f XVa, 
b .p .  114- 116° (1 .5  mm.), 1.4888, d^^ 0 .9861, MĤ  49*10 (c a lc d . 4 7 .3 7 ).
The in f r a re d  spectrum  showed, the  fo llo w in g  c h a r a c te r i s t i c  bands 
(0.025  mm, c e l l ) :  3.25  w, 3.40 s ,  5.87 s ,  6 . 3O s , 6.82 m, 6.96  m, 7 .10 m,
7.45  8, 7 .80  s ,  8.02 s ,  8.20 m, 8.50  s ,  9.52  w, 9 .60  w, 10.00 m, 10.35 m,
11.32  m, 11.85 m, 12.10 m, 12.45 w, 13.72 w, and 15.12 m m icrons.
A nal. Calcd. fo r  0ioEigO2i C, 71 .59; H, 9 .5 9 . Founds 0, 71*58,
71.17  H, 9 .6 3 , 9 . 49 .
O xidation  o f XVa gave products su p p o rtin g  i t s  s t r u c tu r e .  To a  ra p id ly  
s t i r r e d  m ixture o f  2 g . (0.012 mole) o f XVa and 40 ml. o f w ater was added 
dropwise a t  room tem peratu re  a  s o lu tio n  o f 5 g . (O.O32 mole) o f  potassium  
permanganate in  200 ml. o f w a te r . The m ixture was s t i r r e d  f o r  1 h r .  a f t e r  
th e  a d d itio n  was com plete. A fte r  removal o f the  p re c ip i ta te d  manganese 
d io x id e , the  f i l t r a t e  was evaporated  to  dryness under reduced p re s su re , a c id ­
i f i e d  w ith  h y d ro ch lo ric  a c id , and e x tra c te d  w ith  hot benzene. The benzene 
e x tr a c t  was c o n cen tra ted , and then  c h i l le d ,  and gave I .3  g . ( 909 )̂ o f su cc in ic  
a c id , m.p. 188-189°, mixed m.p. w ith  an a u th e n tic  sam ple, 188°, No a ttem pt 
was made to  i s o la te  v a le r ic  a c id , a lthough the  odor was unm istakab le .
27l-B rom o-2-pentvne. To a  s o lu tio n  o f 109 g. (1 .3  mole) o f 2 -pen tyno l 
and 3 g . o f  anhydrous p y rid in e  in  4OO ml. o f d ry  e th e r  was added 127*3 g*
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(0 .47  mole) o f phosphorous trih ro ra ide  a t  a  r a te  s u f f ic ie n t  to  m ain tain  r e -  
f lu x in g . The m ixture was s t i r r e d  and re flu x e d  f o r  2 h r .  a f t e r  th e  a d d itio n  
was com plete, and then  coo led . The top  la y e r  was sep a ra te d , poured over 
crushed ic e ,  and e x tra c te d  w ith  e th e r .  The e th e r  s o lu tio n  was washed w ith  
\Qffo sodium carhonate  s o lu tio n , and w ith  a  s a tu ra te d  s o lu tio n  o f sodium 
c h lo r id e , and th en  d rie d  over anhydrous s o d iu m 'su lfa te . A fte r  removal, o f 
the  e th e r  the  re s id u e  was f r a c t io n a te d  to  y ie ld  124 g* o f l-brom o-2-
pentyne, b .p . 70- 72° (56 mm.), 1.4950, ( l i t . ^ ^  b .p . 93-94° ( l l 3  mm.),
n^^ 1 , 4985) and 38 g. o f l iq u id ,  b .p . 114-115° (56 mm.), 1.5302, th a t
was no t id e n t i f i e d .  A nalysis  by gas chromatography on a 100 f t ,  Apiezon cap­
i l l a r y  column showed the  product to  be a pure compound. I t s  in f r a re d  
spectrum  showed the  c h a r a c te r i s t i c  a c e ty le n ic  a b so rp tio n  a t  4*5 b u t no 
bands in  the 5 reg io n  in d ic a tin g  con tam ination  by a l ié n é s .
3- ( P e n t - 2- y n o x y ) - c y c l o u e n t - 2- e n - l - o n e  (X V b ) and  2- ( 2- t > e n t y n l ) - c y c l o -  
p e n t - 2- e n - 3- o l - l - o n e  ( X l l b ) .  A m ix tu r e  o f  th e  p r o d u c ts  ( X l l b )  and (X V b )  
was o b t a in e d  f r o m  th e  a l k y l a t i o n  o f th e  s o d iu m  s a l t  o f  X I  w i t h  l - b r o m o - 2-  
p e n ty n e  i n  p ro c e d u re  A . The e n d  e t h e r  (X V b ) was th e  o n ly  p r o d u c t  i s o l a t e d  
i n  p ro c e d u re  B .
Procedure A. A lk y la tio n  in  anhydrous m ethyl a lc o h o l. An a lco h o lic  
so lu tio n  o f the  sodium s a l t  o f c y c lo p e n t-2 -e n -3 -o l- l-o n e  (X l), p repared  from
12,5 g. (0.127  mole) o f XI, m.p. 146-147°» and 2.92 g. (0.127 g .-atom ) of 
sodium (as sodium m ethoxide), was re f lu x e d  f o r  1 .5  h r .  w ith  19 . I  g . (0 .13  
mole) o f l-brom o-2-pentyne and then  evaporated  alm ost to  dryness under 
reduced p re s su re . The re s id u e  was added to  100 ml. o f co ld , 45̂  sodium hydro­
x ide so lu tio n  and the m ixture was e x tra c te d  w ith  th re e  30 ml. p o rtio n s  o f
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e th e r .  A c id if ic a t io n  o f th e  a lk a lin e  so lu tio n  w ith  d i lu te  hydroch lo ric  acid  
gave an immediate s e p a ra tio n  o f 6 g. o f a  dark-brown, gummy s o lid , which a f t e r  
su ccessiv e  r e c r y s ta l l i z a t io n s  from e th y l a lco h o l, and then  from benzene gave
5.5  g. ( 16. 8^) o f X llb , m .p, 150- 151° ,  mixed m.p. w ith  XI, 151-146°, The 
compound was so lub le  in  ho t w ater and gave a deep-red  f e r r i c  ch lo rid e  t e s t .
The in f ra re d  abso rp tio n  bands th a t  c h a ra c te r iz e  the  compound a re : (KBr w afer)
3.34  8 , 5.42  8, 5 . 70- 4.15  m (b ro ad ), 5*95 w, 6.09  m, 6.20 s , 6.95 a, 7 .18  s ,
7.99  m, 8.43  m, 9.70  m, 10.80 w, 11.62 w, and 15.68  m icrons.
Anal. Calcd. fo r  Cio^i2°2S G, 73.14; H, 7 .5 7 . Pound: C, 73.27, 73.15;
H, 7 .2 2 , 7 . 36.
The combined e th e r  e x tr a c ts  were washed w ith  w ater, d rie d  over anhydrous 
sodium s u l f a te ,  co n cen tra ted , and d i s t i l l e d  to  y ie ld  8 g. ( 58^) of XVb, as 
a  c le a r  l iq u id , b .p . 150-151° (5 mm.), and 5 g . of a  ta r r y  re s id u e . The 
liq u id  s o l id i f ie d  on s tan d in g  to  a s o f t  f la k y  m a te r ia l,  m.p. 67-68°, th a t  
possessed very  l i t t l e  odor, and gave no f e r r i c  ch lo rid e  t e s t  in  warm a lco h o lic  
s o lu t io n . The in f ra re d  spectrum  (ifo s o lu tio n  in  CCl^ w ith  matched 0 .5  mm. 
c e l l s )  showed the fo llo w in g  p r in c ip a l  bands: 3.25  w, 5.45 m, 5*41 m, 5.49 w,
4.45 w, 4«50 m, 5.87  B, 6.27  3, 6.95  7.10  m, 7.29  m, 7*50 s , 7.80 m,
7,91  8, 8.09  m, 8.29  m, 8,50  s ,  8.47  10.05 10 .56 s ,  10.55 m, 11.15 m,
and 11.90  m m icrons.
A nal. Calcd. fo r  C1QE12O2 : G, 73*14; H, 7*37. Found: C, 73*05, 75*25;
H, 7 . 31 , 7 .3 8 .
F u rth e r evidence f o r  the  proposed s tru c tu re  XVb was gained by the oxida­
t io n  o f 5 g . of th is  m a te r ia l w ith  15.8  g . (O .l mole) o f potassium  perman­
gan ate . The procedure used was the  same as th a t  desc rib ed  f o r  the o x id a tio n  
o f XVa. There was ob ta ined  1,5 g. (709^) o f su cc in ic  a c id , m.p, 188-189°,
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mixed m.p. w ith  an a u th en tic  sample, 188-189°, and 0 .5  g . o f p rop ion ic  a c id , 
id e n t i f ie d  by th e  comparison o f i t s  in f r a r e d  spectrum  to  th a t  o f an a u th e n tic  
sample.
Prccedure B. A lk y la tio n  in  benzene. A suspension  o f 14»4 g. (0 .12  mole) 
o f  th e  d ry  sodium s a l t  o f XI in  70 ml. o f benzene mixed w ith  19 g. (0 . I 3 mole) 
o f l-brom o-2-pentyne was re flu x e d  fo r  24 h r .  Benzene th en  was s tr ip p e d  from 
the  re a c tio n  m ixture and was rep laced  w ith  100 ml. o f co ld , 4^  sodium hydro­
x ide s o lu t io n . From th i s  p o in t procedure A was fo llow ed . A c id if ic a t io n  of 
the  aqueous phase gave roughly  2 g. o f brown s o lid  th a t  could not be p u r i f ie d .  
Upon ev ap o ra tio n  of the  e th e r  e x t r a c ts ,  th e re  was ob ta ined  a s o lid  re s id u e , 
which a f t e r  two r e c r y s ta l l i z a t io n s  from a benzene-pentane m ixture gave 9»4 g« 
( 46^) o f XVb, m.p. 66- 67° ,  mixed m.p. w ith  the product ob ta ined  in  procedure 
A, 67- 68° .  A d i s t i l l a t i o n  o f the m a te r ia l ,  b .p . 153-155° (4 mm.), r e s u lte d  
in  a  lo s s  o f 4 g» o f product by conversion  to  re s id u a l  t a r s .  I t  appears, 
th e re fo re  th a t  the  y ie ld  o f XVb in  procedure A would have been co n sid erab ly  
h ig h e r had the  product been p u r if ie d  by r e c r y s t a l l i z a t io n  r a th e r  than  by 
d i s t i l l a t i o n .
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Boothe, J ,  H ,, W ilkinson, R. G ., Kushner, S. and W illiam s, J .  H.
S yn thesis  o f Aureomycin D egradation Products 
J .  Am. Chem. S o c ., 2S, 1752 ( l9 5 5 ) .
1 ,5-C yolopentanedione was prepared  from e th y l methyl p -k e to ad ip a te  by 
c y c liz in g  i t s  e thy lene k e ta l  w ith  sodium ethox ide  follow ed by h y d ro ly s is  and 
d eca rb o x y la tio n . The 1 ,3 -d io n e , m.p. 151.5-152.5*^ was ob ta ined  in  7.5/^ 
y ie ld  by th i s  procedure and was found to  be id e n t ic a l  w ith  a c y c lic  1 ,3 -d ione  
i s o la te d  from the  d eg radation  products o f aureomycin.
A rep ro d u c tio n  of the  compounds in f r a r e d  spectrum  as taken  in  a  N ujol 
Mull i s  shown. There i s  a broad band in  the  reg io n  o f 3.70 p  and a  s tro n g  
band a t  6 .30  j i , bu t no normal hydroxyl o r  carbonyl ab so rp tio n  i s  ev id en t.
Bredenberg, J . B.
The Enol S tru c tu re  of 3 -M ethy lcyc lopen tane-l,2 -d ione  
A cta Chem. S cand., !]_, 1735 ( l9 5 9 ) .
3 -M ethy lcyc lopen tane-l,2 -d ione  e x is t s  as a  mono-enol in  the  c r y s ta l l in e  
form as w ell as in  s o lu tio n . Two d i f f e r e n t  eno l s t ru c tu re s  ( l  and I I ) can 
be w r i t te n  fo r  the compound. The nmr spectrum  of the compound in  CDClj w ith  
te tra m e th y ls i la n e  as an in te r n a l  re fe re n ce  showed co n c lu s iv e ly  th a t  s tru c tu re
I I
I I  was c o r re c t .  The m ethyl resonance appeared as a s in g le  peak a t  a ^ v a lu e  
o f 7*97 ( 2 , 03) .  The methylene groups were a p p a ren tly  eq u iv a len t and gave a 
resonance a t  ^ 7 « 5 7  (2 .43) and th e  p o s i t io n  a t  a ^ v a lu e  o f 3.25 (6 .75) 
confirm ed the  eno l n a tu re  o f the  s in g le  p ro ton  peak. The areas a sso c ia te d  
w ith  the  m ethyl, m ethylene, and enol hydrogen peaks appeared to  be in  the  
r a t i o  3*4*1 which t a l l i e s  w ith  s t ru c tu re  I I .  S tru c tu re  I  would have g iven  a 
much more com plicated spectrum  w ith  a  doub le t fo r  the  m ethyl resonance.
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M ethylcyclopentenolone i s  in te rm o le c u la r ly  a sso c ia te d  in  the c r y s ta l l in e
form, the  -OH band absorb ing  a t  5>550 cm This band i s  a lso  found in  carbon
te t r a c h lo r id e  and chloroform  s o lu tio n s . In  th e se  so lu tio n s  th e re  appears an
a c c i t io n a l  band a t  5>350 cm which i s  s tren g th en ed  by d i lu t io n ,  the band a t
5>530 cm ^ a t  the same time being  weakened. The band a t 5>530 cm ^ th e re fo re
corresponds to  a c h e la te  which, as a  5 r in g  hydrogen b ridge  i s  r a th e r  weak.
In  dioxane the  compound shows only one band a t  3>780 om . A d d itiona l
in f r a r e d  maxima were, k e to  band, cm ^ c r y s t ,  1,710 in  CHCl  ̂ 1?15> in  CCl^
1715; double bond, cm ^ c r y s t .  I 65O, in  CHCl, 1 ,667, in  001. 1 , 670.
10The nmr s p e c tra  were taken  by V arian A sso c ia te s , Palo A lto ,
O a lifo ïn ia ,
NoteI Values in  p a ren theses are  the  a l te r n a te  ex p ress io n s  o f the  va lu es  
as they  are used in  th is  in v e s t ig a t io n .
DePuy, 0. H. and Zaweski, E. P.
Oyclopentene-3>5-<iione. I .  S yn thesis  and P ro p e r tie s .
J .  Am. Ohem. S oc ., 4920 (1959)•
Oyclopentene-3>5-dione ( l )  was prepared  by the o x id a tio n  o f the c o rre s ­
ponding d io l ,  3>5-dihydroxycyclopentene ( l l ) .  The d io l  ( l l )  was prepared 
by t r e a t in g  c i s - 3 , 5-dibrom ocyclopentene w ith  tetraethylam m onium  a c e ta te  in  
dry acetone; a  procedure d esc rib ed  by Owen and Smith ( J .  Ohem. Soc., 4035 
( 1952) ) .  H ydrolysis o f the  d ia c e ta te  to  y ie ld  I I  was c a r r ie d  out in  re f lu x in g  
e th y l  a lco h o l so lu tio n  c o n ta in in g  an excess o f barium  oxide. Thus from the 
c i s - dibrom ide, prepared in  20̂  ̂ y ie ld  by the procedure o f Young e t . a l .
( j .  Am, Ohem, S o c ,, %8, 4338 (1956) ) ,  th e re  was ob tained  75^ o f the c i s -  
d ia c e ta te ,  which upon h y d ro ly s is  gave a 73/^ y ie ld  o f I I ,  b ,p . 120° (2 mm,), 
b is -p h e n y lu re th an , m.p, 195-196°,
Attem pts to  prepare the  dione d i r e c t ly  from the  dibrom ide by base 
promoted e lim in a tio n  re a c tio n s  led  to  the  fo rm ation  of cyclopen tad ieneone.
An o x id a tio n  o f I I  to  the  dione ( l )  by chromic ac id  anhydride was des­
c rib ed  fo r  the re a c tio n  in  a c e t ic  ac id  s o lu tio n  as w ell as in  acetone . A
cold  s o lu tio n  of th e  3> 5-d io l ( l l )  in  QQffo a c e t ic  ac id  t r e a te d  w ith  an excess 
o f 3N chromic ac id  in  g la c ia l  a c e t ic  ac id  gave a 55^ y ie ld  o f I ,  m.p, 37-38°,
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Calod* f o r  0^5^02* C, 62.50; H, 4 .1 ? ; mol. w t. ,  96 . Pound» C, 62.50;
H, 4*00; mol. w t. ,  96. The o x id a tio n  of I I  in  acetone s o lu tio n  w ith  chromic 
anhydride gave a 42^  y ie ld  o f I .
C yclopentene-5 ,5-d ione ( l )  i s  a yellow , v o la t i l e  m a te r ia l,  so lu b le  in  
w ater and most organic so lv en ts  excep t hydrocarbons. The yellow  c o lo r i s  due 
to  two low in te n s i ty  bands a t 522 nyi and 576 ny.. In  a d d itio n , th e re  i s  a 
s tro n g  ab so rp tio n  maximum a t  222 ny. In  the in f ra re d  th e re  are  two peaks in  
the  0=0 reg io n  in  CHCl^ s o lu tio n , a s tro n g  ab so rp tio n  a t  5*83 and medium 
a t  5«73 In  the vapor phase, th e re  i s  a s in g le  peak a t  5*82 y.. The dione
i s  a c id ic , w ith  a pKa o f roughly 6, and w i l l  l ib e r a te  CO2 from HCÔ  s o lu tio n .
Chem ically the dione i s  extrem ely re a c tiv e  and polym erizes r e a d ily  in  
the  presence of base to  form an en o lic  w ater so lub le  polymer. The compound 
i s  a  very  re a c tiv e  d ieneoph ile  and re a c ts  im m ediately w ith  cyclopentad iene in  
a D ie ls-A ld er R eaction . The carbonyl groups are extrem ely re a c tiv e  and mono 
o r  d ioarbonyl d e r iv a tiv e s  are formed im m ediately.
A c a ta ly t ic  hydrogenation o f the  dione ( l )  in  e th y l a c e ta te  s o lu tio n  over 
Adams c a ta ly s t  a t  atm ospheric p ressu re  gave le s s  than  2/3 of the expected 
p roduct, 1 ,5-cyclopentaned ione. Tlie c h ie f  products o f t h i s  red u c tio n , 
id e n t i f ie d  as th e i r  d in itropheny lhydrazones were cyclopentanone and cyclo - 
penteneone.
A chem ical red u c tio n  of I  was more su c c e ss fu l. Upon re a c tio n  w ith  zinc 
du st and a c e tic  ac id  th e re  was ob ta ined  a 45"  ̂ y ie ld  o f 1 ,5 -cyclopen taned ione, 
m.p. 149- 150°»
DePuy, C. H. and W ells, P. R.
C yclopentene-5 ,5 -d ione I I I .  R eactions o f the Methylene Group.
J .  Am. Chem. S oc ., 82, 2909 ( 1960) .
Normal a lk y la tio n  and condensation  re a c tio n s  o f cy c lopen tene-5 ,5 -d ione  
are made s y n th e t ic a l ly  d i f f i c u l t  by two unique asp ec ts  of i t s  chem istry . The 
molecule i s  ap p aren tly  com pletely  k e to n ic  and polym erizes very re a d ily  in  the  
presence of base .
An attem pt to  p repare the benzylidene d e r iv a tiv e  by an a ld o l condensation  
w ith  benzaldehyde in  the  presence of aqueous o r a lco h o lic  base led  only to  the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
78
fo rm ation  o f polymer from th e  d ione . Small y ie ld s  o f the  4 -te n z y lid e n e -3 , 
5 -d ione, m.p. 146- 146. 5°» were ob tained  u s in g  such weak bases as tr im e th y l-  
amine in  benzene and a lso  by u sin g  preformed p ip e rid in e  benzaldehyde 
complexes in  dry e th e r .
An ac id  ca ta ly zed  condensation  in  dry  e th e r  was more su cc e ss fu l, 
p rov id ing  a  509̂  y ie ld  o f th e  d ibenzylidene d e r iv a tiv e  by BFj c a ta ly s is  in  
e th e r .  The benzylidene d e r iv a tiv e  was a lso  formed in  429̂  y ie ld  by re f lu x in g  
the  dione in  a c e tic  ac id  s o lu tio n  w ith  benzaldehyde and a  t r a c e  of s u l f u r ic  
a c id .
I t  seems c le a r  th a t  w hile the  tau tom eric  hydroxycyclopentadienone form 
i s  not s ta b le  enough to  be observab le , i t  i s  in  ready e q u ilib riu m  w ith  th e  
d ione. The en o la te  io n  o f the dione was e f f e c t iv e ly  trapped  by the re a c t io n  
o f the  dione w ith  4-phenyl o r 4 -£ -n itro p h en y lh y d raz in e  to  provide the 
4-phenyl o r 4-£-n itrophenylhydrazones o f c y c lo p en tan e -5 ,4 » 5 -trio n e .
E nkv ist, T.
Formatio 
G alactos
A cta Chem. Scand., 8, 5I  (1954)*
n o f M ethylcyclopentenolone by D igestion^of Spruce Wood or 
e w ith  Sodium Hydroxide S o lu tio n s  a t  100 C.
Spruce wood, d ig e s ted  w ith  1.75^ sodium hydroxide s o lu tio n  fo r  6 hours 
a t  100° under p ressu re  g iv es  a liq u o r  from which may be is o la te d  a  0 .06^  
y ie ld  o f crude l-m eth y l-cy c lo p en ten -5 -o l-5 -o n e-2 . The form ula i s  th a t  
e s ta b lis h e d  by Hesse and Beckmann, Ann., 565. 44 (1949)* The compound 
g ives a  red  eno l re a c tio n  w ith  f e r r i c  c h lo rid e  so lu tio n  and i t s  u l tr a - ­
v io le t  spectrum  shows a  s tro n g  bathochrom ic s h i f t  on a d d itio n  o f a lk a l i ,  
in d ic a t in g  the presence o f an io n iz a b le  group.
No m ethylcyclopentenolone could be ob ta ined  by sim ply b o il in g  the  wood 
w ith  w ater, bu t was ob ta ined  a t  room tem peratu re , o r b e t t e r  a t 100° C, w ith  
d i lu te  sodium hydroxide so lu tio n .
Since m ethylcyclopentenolone co n ta in s  no methoxy groups and no benzene 
nuc leus, i t  can hard ly  be a  deg radation  product o f l ig n in ,  but must be formed 
from some substance o f carbohydrate n a tu re . A s e r ie s  o f experim ents w ith  
various carbohydrate  m a te r ia ls  were c a r r ie d  o u t. A 1.89^ y ie ld  of m ethylcyclo-
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p e n te n o lo n e  was o b ta in e d  fro m  g a la c to s e  and i t  a p p e a rs  l i k e l y  t h a t  g a la o t a n ,  
c o m p o s in g  a b o u t 1 .9 ^  o f  s p ru c e  w ood , h y d r o ly z e s  to  g a la c to s e  and g iv e
l - m e t h y l c y c l o p e n t e n - 5 - o l - 3 - o n e - 2 .
H e s s e , G . and Bockm ann, K . W. f .
D ie  S y n th e s is  d e r  M e t h y l r e d u k t is a u r e n .
Ann., 37 (1949).
3- M e t h y l - l , 2-c y c lo p e n ta n e d io n e  was an  in t e r m e d ia t e  i s o l a t e d  i n  th e  p r e ­
p a r a t i o n  o f  3 - m e t h y l r e d u c t io  a c id ,  ( 5 - m e t h y l - 2 , 3 - d i h y d r o x y c y c l o p e n t - 2 - e n - l -  
o n e ) ,  a  know n c a r d ia c  p o is o n .
C y c lo p e n t a n e - l ,2- d i o n e - 5 , 6- d i e t h y l c a r b o x y l a t e ,  m .p . 110° ,  o b t a in e d  i n  
6 5 ^  y i e l d  b y  th e  sodium  m e t h y la te  c a t a ly z e d  c o n d e n s a t io n  o f  e t h y l  o x a la t e  
and e t h y l  g l u t a ra b e  was r e a c t e d  i n  a lc o h o l  w i t h  so d ium  and m e th y l io d id e  
t o  y i e l d  o f  th e  so d iu m  s a l t  o f  th e  e n o l  fo rm  o f  3 - m e t h y c y c lo p e n t a n e - l ,
2- d i o n e - 5 , 5- d i e t h y l c a r b o x y l a t e ,  m .p . 179° .  Upon h e a t in g  u n d e r  CO2 w i t h  20/b 
s u l f u r i c  a c id  t h e r e  was o b t a in e d  3 - m e t h y l - l ,2 - c y c lo p e n t a n e d io n e  m .p . 1 0 6 ° .  
The d io n e  vms t r e a t e d  i n  w a t e r  s o lu t i o n  w i t h  G ig  and th e n  r e f l u x e d  w i t h  20^  
EgSO^ to  p r o v id e  a  28?̂  y i e l d  o f  th e  3- m e t h y l r e d u c t ic  a c id ,  m .p . 7 1 ° .
G re n s , E . and V a n a g s , S .
4- 0y c l o p e n t e n e - l , 3-d io n e  and Some o f  i t s  D e r i v a t i v e s .
L a t v i j a s  PSR Z in t a u  A k a d . V e s t i s . ,  65-70  ( 1 9 6 I ) .  C . A . ,  5 6 .
4 6 3 2  ( 1 9 6 2 ) .
4- C y c l o p e n t e n e - l ,3- d io n e  was p re p a re d  a c c o r d in g  to  D ePuy ( j .  Am. Ohem. 
S o c . ,  81 ,  4 9 2 0  ( 1 9 5 9 ) .  C y c lo p e n ta d ie n e ,  b r o m in a te d  and th e n  t r e a t e d  w i t h  
te t ra e th y la m m o n iu m  a c e t a t e  g ave  a  7 2 ^  y i e l d  o f  th e  d i a c e t a t e ,  b . p .  100-  
1 0 3 °  ( 4  m m .), Up 1 .4 6 2 0 .  H y d r o ly s is  w i t h  b a r iu m  h y d r o x id e  g ave  a  74°  ̂ y i e l d  
o f  th e  c o r r e s p o n d in g  d i o l ,  w h ic h  upon  o x id a t i o n  w i t h  c h ro m ic  a n h y d r id e  i n  
g l a c i a l  a c e t i c  a c id  gave 31?^ o f  th e  4- c y c l o p e n t e n e - l , 3- d io n e .
H y d r o g e n a t io n  o f  th e  e n e d io n e  i n  e t h y l  a lc o h o l  c o n t a in in g  a  s m a l l  
am ount o f  p o ta s s iu m  io d id e  was c a r r i e d  o u t  a t  a tm o s p h e r ic  p r e s s u r e  o v e r  a  
R aney n i c k e l  c a t a l y s t  to  y i e l d  74 /̂ ° o f  1 , 5- c y c lo p e n ta n e d io n e ,  m .p . 150- 151° .
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The 1 ,5-dione could not be a cy la ted  o r a lk y la te d , presumably due to  i t s  
i n s t a b i l i t y  to  b a s ic  re a g e n ts .
Hesse, Gerhard and B reig , Kurt
A Simple S yn thesis  o f M ethy lreductic  acid  and the  H alogénation of 
M ethylcyclopentenolone from Wood o i l ,
Annalen, 892. 120 (l955)«
There are  p o ssib le  two d i f f e r e n t  raono-enols, i . e .  I I  o r I I I  and a lso  
a  d i-e n o l form of 5 -m eth y l-l,2 -cy c lo p en tan ed io n e  ( l ) .  A d e te rm in a tio n  of the
CHy i  pOH CHt j — p o  GH^m------- pO
O o
I I  I  I I I
eno l con ten t by various methods on f re s h  and on old  so lu tio n s  of the d iketone 
showed p re c is e ly  IOCFm enol co n ten t a r is in g  from one ke to  group. With d ia -  
zomethane o r w ith  dim ethyl s u l f a te  and sodium hydroxide a  m ono-ether, b .p .  76- 
78° ( l2  mm.), was ob ta ined , which in d ic a te d  th a t  th e re  was no d i-e n o l form.
An in v e s t ig a t io n  by B rieg leb  (Angew. Chem., 409 (l955) )» on t h e ' 
e n o liz a tio n  of a c e to a c e tic  e s te r s  rev ea led  th a t  a lk y l s u b s t i tu t io n  o f the  
a lpha  p o s itio n  discouraged enol fo rm ation , thus fa v o rin g  s tru c tu re  I I I  in  
th i s  case . The evidence f o r  s tru c tu re  I I I  was based on the en trance  p o s it io n  
o f ch lo rin e  o r bromine in  h a lo g én a tio n  re a c tio n s .
I t  was considered  th a t  an equal m ixture o f forms I I  and I I I  might e x is t  
in  s o lu t io n . This p o s s ib i l i ty  was excluded fo r  the pure m a te r ia l fo r  i t  v/as 
c ry s ta l l in e  and homogeneous th roughou t. Yet in  s o lu tio n  an eq u ilib riu m  could 
be e s ta b lis h e d . T herefore a f r e s h ly  p repared , as w ell as an 8 day old so lu tio n , 
of the  m ethylcyclopentenolone in  methanol vms t r e a te d  w ith diazomethane and 
both  re a c tio n s  were worked up in  the same manner. In  each case ( f re s h  and o ld) 
only one mono-methyl e th e r  was ob ta ined  and in  equal y ie ld  (75- 76^D«
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The c h lo r in a tio n  o f the  m ethylcyclopentenolone in  w ater s o lu tio n  a t  5O 
gave a  yellow  d ik e to n e , 4 -ch lo ro -l-m e th y lcy c lo p en tan ed io n e -2 ,3 , m.p. 50.5°> 
which in  th e  course o f s e v e ra l days spontaneously  changed to  a  c o lo r le s s  
c h lo rk e to -e n o l, 4 -c h lo ro ~ l-m e th y lcy c lo p e n te n -l-o l-2 -o n e -5 , m.p. 98°. Calcd. 
f o r  CgHy02Cli C, 49.16; H, 4 .81 ; C l, 24 .19 . Pound» C, 48.98; H, 5 .08;
C l, 23 . 95 . Both isom ers were converted  by th e  a c tio n  o f p e r s u lfu r ic  ac id  in  
e th y l a lco h o l so lu tio n  to  id e n t ic a l  e th y l o (.-m ethyl-lJ-ch loroglu tarates, b .p . 
127- 130°  (12 mm.), in  e x c e lle n t  y ie ld .  The e s te r  o b ta ined  agreed in  b o il in g  
p o in t and in  a l l  g en era l p ro p e r tie s  w ith  th e  % -m ethyl-% -chloroglu tarate  
re p o rte d  by Ingold ( j .  Chem. S o c ., 387 (l925) ) .  U n fo rtu n a te ly , the s t ru c tu re  
o f the ch lo ro  e s te r  i s  not r ig o ro u s ly  known and i s  assumed on the  b a s is  o f 
the  analogous bromo e s te r .
CHj









By o x id a tio n  of th e  enol form o f the  chlorom ethylcyclopentanedione w ith  
a lk a l in e  potassium  permanganate, th e re  was ob ta ined  b e ta - a c e tv la c rv l ic  a c id , 
m.p. 125- 126' ' .  Calcd. f o r  C^HgO^i C, 52.63; H, 5 .26 . Pound: C, 5.270;




( 0 ) CH,-C^^HC;:.gg/C02H
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I t  was the reb y  shown th a t  the  halogen cannot be on the m ethyl s u b s t i ­
tu te d  carbon e ls e  c itra co n sa u re  would have been ob ta in ed . The c h lo rin e  i s  
then  lo c a te d  on the  u n s u b s ti tu te d  a lpha  p o s it io n  of the o th e r  carbonyl group 
and th e re fo re  the  c o rre c t enol s t ru c tu re  o f m ethy lcyclopen taned io l in  w ater 
must be I I I ,
M ethylcyclopentenolone. (th e  c;cude product) -  This m a te r ia l was r e ­
c r y s ta l l iz e d  from w ater as g re a t sh iny  c r y s ta ls  which were in  the  form o f a 
m ono-hydrate. The w ater f re e  compound, ob ta ined  by su b lim atio n , melted a t  
106° .  Under a microscope a change in  c r y s ta l l in e  form was observed a t  99°» 
The pure substance has a  co ffee  l ik e  odor and a sweet t a s t e .  I t  i s  so lu b le  
in  most o rgan ic  so lv en ts  and i s  very so lu b le  in  h a t w a ter. The w ater 
so lu tio n  g ives a deep v io le t  f e r r i c  c h lo r id e  t e s t  w ith  a change to  dark red 
upon the  a d d itio n  o f sodium a c e ta te ,  F eh lings as w ell as s i lv e r  n i t r a t e  
so lu tio n  were reduced.
L ich ten b erg er, M. J .
Sur le s  d e riv e s  de l a  m e th y l-l-cy c lo p en ten e -l-o l-2 -o n -5 »  
B u ll. soc. chim. (F ran ce), ( 5) ,  2.» 206 ( 1 9 4 2 ) .
C erta in  e th e rs  o f the  type I  have been prepared by the  a c tio n  of a lk y l 
h a lid e s  on the  mono-sodium s a l t  d e r iv a tiv e  o f the pentenolone, Hydro-
CH%", ,.QR Hp CH^i--------pOR
I I
g enation  over Raney n ic k e l gave the s a tu ra te d  e th e rs  o f type I I ,
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II
R b .p . (mm.) ( t ° ) ND ( t ) b .p . (mm.) np ( t )
-OH) 85-92 17 1.0512 (23) 1.4945 (23) 76 ( 12) 1.4466 ( 27)
—CgH) 76 5 1.0040  (25) 1.4799 ( 25) 56 (1) 1.4429 ( 24)
n-CjHy 86 4 O.99O8 ( 21) 1.4790 (21)
n-O^Eg 99 4 0.9737 ( 19) 1.4786 ( 19) 73 (4) 1.4452 (22)
i —0^H^2 103 5 0.9519  ( 26) 1.4738 ( 26) 83 (4) 1.4473 ( 22)
n-C^Hii 92 1 0.9618  ( 21) 1.4738 (21) 87 (4) 1.4486 ( 20)
-OEg-^ 137 2 1.0720 (19) 1.5578 ( 19)
M el'Nikov, N. N. and S hvetsova-S h ilovskaia , K. D,
S y n thesis  o f Some D eriv a tiv es  o f  l-M ethy lcyclopen taned ione-2 ,3  
J .  Gen. Chem. (USSR), 28, 464 (1958).
A number o f eno l e s te r s  o f l-m ethy loyc lopen tane-d ione-2 ,3  were prepared  
f o r  e v a lu a tio n  as in s e c to -fu n g ic id e s . The p re p a ra tio n  invo lved  adding acid  
c h lo r id e s  to  a  benzene so lu tio n  o f the  eno l in  the  presence o f powdered 
K2CO5 follow ed by prolonged h e a tin g  (8-20 h r s . ) .  Y ields ranged from 30-60^, 
and the e n te rs  were assumed to  have s t ru c tu re  ( l )  w ith  p o ss ib le  tra c e s  o f 
s t ru c tu re  ( l l ) .
O H J ^ O E
I I
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(CE))2NC=0 58- 59.5 10 8  (0 . 2) - _ 59.26 7 .5 5
(C2H5) 2ÏÏC=0 1 1 5 -1 2 2  ( 0 . 5 ) - - 6 2 .8 5 8 .4 2
CH5OCO 45-45 9 6 .9 7  ( 0 . 2 5 ) - - 5 7 .4 6 .4 0
CgEcOCO 53-55 1 0 3 -1 0 0  ( 0 . 1 5 ) - - 5 9 .0 9 6.82
CH5CO —- 75 ( 0 . 0 7 5 ) - 1.4859 6 1 .6 6 6.83
CyB^CO - - 32 . 5-85  ( 0 . 1 ) — 1 .4 7 5 9 65.18
7&P
7 . 7 8
(C H 5 0 )2 P S - - 1 1 6 -1 1 7  ( 0 . 2 ) 1.2562 1 .5 1 5 5 1 2 .5 1
(C H ^O yPS-
(C 2H 5O )
1 2 5 -1 2 7  ( 0 . 1 ) 1 .2 2 5 4 1 .5 0 6 0 1 2 .5 0
(C 2 H 5 0 )2 P S — 1 2 6 -1 2 8  ( 0 . 2 ) 1 .1 7 1 5 1.5025 1 1 .7 2
î f e y e r f e l d ,  J .
ITber e in e n  N euen  im  H o lz e s s ig  Vorkom inenden K o r p e r  (M e th y lc y c lo p e n te n o lo n e )
Chem. Z t g . ,  549 (1912).
The d r y  d i s t i l l a t i o n  o f  h e e c h  wood g ave  a  k e t o n ic  a lc o h o l  o f  c o m p o s it io n  
^ G n  h e a te d  t o  i t s  b o i l i n g  p o i n t ,  210° ,  s u b l im a t io n  o c c u r r e d  and  
th e  m a t e r i a l  was c o l l e c t e d  as f i n e  w h i te  n e e d le s ,  m .p . 106° .  Upon o x id a t i o n  
w i t h  a l k a l i n e  p e rm a n g a n a te  s o lu t i o n  t h e r e  was o b t a in e d  c a rb o n  d io x id e  and  
a c e t i c  a c id .  W ith  n i t r i c  a c id  th e  o x id a t i o n  p ro d u c ts  w ere  o x a l i c  a c id  and  
c a rb o n  d io x id e .  C o ld  c h ro m ic  a c id  d id  n o t  a t t a c k  th e  com pound, b u t  on  w a rm in g , 
o x id a t i o n  o c c u r r e d , g i v i n g  as th e  o n ly  p r o d u c t ,  c a rb o n  d io x id e .  The w a t e r  
s o lu t i o n  o f  th e  compound g ave  an  a c id  r e a c t i o n  t o  l i t m u s  and a  s t r o n g  f e r r i c  
c h lo r i d e  t e s t .
The compound gave  an  a c e t a t e ,  b . p ,  129- 150°  (1 2  m m .), m .p . 6 5 ° ,  on  
h e a t in g  w i t h  an  e x c e s s  o f  a c e t i c  a n h y d r id e .  An o s a a o n e , m .p . 140° ,  and an  
o x im e , m .p . 1 4 5 - 1 4 6 ° ,  w e re  a ls o  p r e p a r e d .
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Owen, L .  N , and S m ith , P . N ,
A l i c y c l i c  G ly c o ls .  P a r t  V I I ,  C y c lo p e n t a n e - l ,5- < i i o l .  A n io n o t r o p ic  
R e a rra n g e m e n t i n  Some R e a c t io n s  o f  5 , 5-P lh r o m o c y o lo p e n te n e ,
J ,  Chem. S o c . ,  4055 ( l 952 ) .
Replacement of bromine by ace toxy l in  c i s -  and in  t r a n s -  5 ,5-dibromo­
cyclopentene has been s tu d ied  under v a rio u s  c o n d itio n s . When potassium  
a c e ta te  o r  s i lv e r  a c e ta te  in  a c e t ic  ac id  was used the normal p roduct, 5 ,5 -  
d iacetoxycyclopentene v/as accompanied by 3 ,4 -d iaoe toxycyclopen tene , formed 
by an io n o tro p ic  rearrangem ent. When the  dibromide re a c te d  w ith  t e t r a e th y l ­
ammonium a c e ta te  in  acetone , rearrangem ent d id  not occur and d e a c e ty la tio n  
and hydrogenation o f the product gave only  c y c lo p e n ta n e -1 ,5 -d io l.
Upon a d d itio n  of bromine to  cyclopen tad iene  in  chloroform  s o lu tio n  a t  
-50°C an 82^ y ie ld  of c i s -3 .5-dibrom ocyclopentene was obtained  as a  c o lo r ­
le s s  l iq u id ,  b .p . 60-65° (0 .5  mm), n^® 1*5855*
The c i s -dibrom ide. d isso lv ed  in  pure acetone and tr e a te d  w ith  an 
excess o f tetraethylammonium a c e ta te  fo r  l6  hours a t 0°, gave a "JŜ o y ie ld  
o f 5»5-diacetoxycyclopentene, b .p . 90-95° (l*5  mm.), 62-85° (0 .5  mm.), 
1*4575*
The u n sa tu ra ted  d ia c e ta te  was hydrogenated in  the  presence of Raney
n ic k e l to  provide the s a tu ra te d  d ia c e ta te  b .p . 65° ( 0 .5  mm.), n^^ 1 . 4492 ,
which was re flu x ed  in  e th y l a lco h o l c o n ta in in g  barium hydroxide. In  th i s
manner a 62^  o v e ra ll  y ie ld  of c y c lo p e n ta n e -1 ,5 -d io l, b .p . 92° (0 .8  mm.),
21n^ 1.4855 was ob ta ined .
Rasmussen, R. S .,  T u n n ic lif f ,  D. D. and B ra tta in , R. R.
In f ra re d  and U ltra v io le t  Spectroscop ic  S tud ies  on K etones.
J .  Am. Chem. S oc., %1, IO68 (1949)*
The in f ra re d  w avelengths found in  the  sp e c tra  o f d iace tone  a lco h o l, 
acetophenone, isophorone, b ia c e ty l ,  b e n z il ,  dibenzoylm ethane, ace ty lace to n e  
and 5 ,5 -d im ethy l-l,5 -cyclohexaned ione  are  recorded along w ith  an i n t e r ­
p re ta t io n  o f t h e i r  sp e c tra .
F ea tu res  of note fo r  the  e n o liz ab le  p -d ike tones were ( l )  a  lack  of 
ab so rp tio n  near 5*00 ^  where normal hydrogen-bonded OH ab so rp tio n  occurs and
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an unusual weak band near 3 * 7 0  similar to the spectra of fatty acid dimers, 
( 2 )  very weak absorption near 3 .9 0 -5 * 9 8  ̂  expected for conjugated carbonyl 
and the presence of very intense bands in the region of 6.10-6,50 p .. These 
intense bands were assigned as due to 0 =0 , as 0 = 0  bands are usually not very 
intense in the infrared.
The unusually large shift in absorption frequencies were attributed to 
the effect of "conjugate chelation". Two examples of this effect were 
illustrated, for acetylacetone and 5>5-dimethyl-l,5-cyclohexanedione. For 
acetylacetone, which exhibits intra-molecular hydrogen bonding, conjugation 
chelation was pictured thus. 5 ,5 -Dimethyl-l,5 -cyclohexandione, however,
o -H -o  S„ n
OH5-O-CHZC-OH3  OH3-C-CKZC-OH5
cannot form an intra-molecular hydrogen bond and conjugate chelation was 
attributed to inter-molecular hydrogen bonding.
R o ja h n , C . A . and R u h l,  P .
A u f k la r u n g  d e r  K o n s t i t u t io n  e in e s  im  H o l z e s s i g d e s t i l l a t  Vorkom raenden  
M e t h y lc y c lo p e n t e n o lo n e s .
A r c h iv  D e r  P h a r m a z ie , 2 6 4  ( l 926 ) .
F o r  th e  c l a r i f i c a t i o n  o f  th e  s t r u c t u r e  o f  m e th y lc y c lo p e n te n o n o lo n e  a  
s e r i e s  o f  d e r i v a t i v e s  w e re  i n v e s t i g a t e d ,  w h ic h  i n  p a r t  had a l r e a d y  b e e n  
p r e p a r e d  b y  M e y e r fe ld  (C hem . Z t g .  549 , ( 1912) ,
The p re s e n c e  o f  th e  -O H  g ro u p  was d e m o n s tra te d  b y  th e  p r e p a r a t io n  o f  a  
mono a c e t y l  com pound, a  mono b e n z o a te ,  a  p h e n lu r e th a n e  and a  mono m e th y l  
e t h e r .  The p re s e n c e  o f  th e  k e t o  g ro u p  was e s t a b l is h e d  b y  th e  p r e p a r a t io n  o f  
a  n i t r o p h e n y lh y d r a z o n e .  T h a t  th e  k e t o  and h y d r o x y l g ro u p s  a re  n e x t  to  one 
a n o t h e r  b y  th e  f o r m a t io n  o f  an  o s a zo n e  and a  £ - n i t r o p h e n y lo s a z o n e .  By a  
p o s i t i v e  io d o fo r m  r e a c t i o n  th e  p re s e n c e  o f  th e  C H 3 -O - g ro u p  w as shovm . 
T r e a tm e n t  w i t h  h y d r o x y la m in e  and s e ra ic a rb a z id e  p ro d u c e d  th e  d io x im e  and d i s -  
e m ic a rb a z o n e  d e r i v a t i v e s .  I t  was n o t  p o s s ib le  to  o b t a in  th e  mono d e r i v a t i v e ,
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The m ethylcyclopentenolone was condensed w ith  two moles o f benzaldehyde 
to  g ive a  d ib en zy lid in e  d e r iv a t iv e . Upon c o n s id e ra tio n  o f th e  two p o ss ib le  
eno l s t r u c tu r e s ,  I I a  and I l b  i t  i s  seen th a t  in  I l a  only  one methylene i s
— i-OH 0H% -T— i- OH CH?'*— —pQ
C6H5CH=Is >D
gHg I l a  l i b
ad jacen t to  a  keto  group and i t  i s  th e re fo re  p o ss ib le  to  form a mono conden­
s a t io n  p roduct. I f  i t  i s  assumed th a t  the  double bond in  the  eno l form I l a  
i s  s u f f ic ie n t ly  c lo se  to  th e  o th e r  methylene group to  a c t iv a te  the hydrogen 
atom, then  a second oondensation  can be o b ta in ed , thus g iv in g  r i s e  to  the 
d ib en zy lid in e  d e r iv a t iv e . Formula l i b  on the  o th e r hand j u s t i f i e d  no 
d ibenzy lidene  compound and a t b e s t a raonobenzylidine compound provided th a t  
th e  m a te r ia l r e a c ts  in  the  d i-k e to  form. I f  i t  i s  assumed th a t  the  double 
bond in  s t ru c tu re  l i b  e f f e c ts  the " loosen ing" o f the  methylene hydrogen, 
th en  s t i l l  th e re  i s  only one d ib en zy lid in e  compound p o s s ib le .
A f u r th e r  in d ic a tio n  o f th e  c o rre c tn e ss  o f form ula I l a  over l i b  was 
found in  o p t ic a l  p ro p e r t ie s .  Form l i b  co n ta in s  an a s sym étrie carbon and 
should , provided i t  i s  not a racem ic m ix ture, cause the r o ta t io n  o f l i g h t .
Form I l a  co n ta in s  no assym etric  c e n te r . S o lu tions o f the m ethylcyclopen­
teno lone in  a lco h o l as w ell as w ater d id  not e x h ib it  any o p t ic a l  a c t i v i ty  
th u s  one must choose form ula I l a  as be ing  c o r re c t .
l-M eth .v lcyclopen ten -5 -o l-4 -one. ( l l a )  -  The s t a r t i n g  m a te r ia l wem in  the 
form o f y e llo w ish  c r y s ta ls  which possessed no sharp  m elting  p o in t. The ta s t e  
o f  the c ry s ta ls  was sweet and l ic o r ic e  l ik e .  R e c ry s ta l l iz a t io n  from w ater 
gave w hite c r y s ta l s ,  m.p. 74-78°, from ab so lu te  a lco h o l, m.p. 105-106°. The 
sublim ed product m elted a t  106-107°.
Condensation o f M ethylcyclopentenolone w ith  benzaldehyde. A m ixture 
o f  1 ,5  g. o f ke tone, 2 g. o f benzaldehyde and 5 ml. o f 58^ HCl was shaken 
u n t i l  a  c le a r  so lu tio n  r e s u l te d .  A fte r  an hour a  y e llow -red  o i l  was 
l ib e ra te d  which was sep a ra ted  and d isso lv ed  in  a lc o h o l. A fte r  a tim e, red d ish  
c r y s ta ls  sep a ra ted  from the  s o lu tio n  and were removed and r e c r y s ta l l i z e d
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from a lco h o l to  give a  90^  y ie ld  o f y e llo w ish  c r y s ta l s ,  m.p. 207- 208° .
C a lc 'd  f o r  C, 83.30; H, 3 .6 . Found; 0, 82.63, 82 .14 , 12.21;
H, 7 .2 , 7 .6 8 , 6 .05 .
Methyl e th e r  o f the  m ethy lcyclopenteno lones. A m ixture o f 7 .8  g . o f 
th e  m ethylcyclopentenolone, 7 .8  g . o f dim ethyl s u l f a te  and 24 g . 10^  
c a u s tic  soda was shaken w ith  good c o o lin g . The fo llow ing  day, the a lk a l in e ,  
l ig h t  brown s o lu tio n  was e x tra c te d  w ith  e th e r  and th e  e th e r  e x tr a c t  was d rie d  
over sodium s u l f a te .  The metliyl e th e r  was d i s t i l l e d  in  an atmosphere of 
n itro g en  to  g ive a  l iq u id ,  b .p . 85- 92° (17 mm.), which was so lu b le  in  warm 
w a ter, e th e r  and p e t. e th e r .  No f e r r i c  c h lo r id e  re a c tio n  could  be o b ta in ed . 
The compound appeared to  be s ta b le  only a  sh o rt tim e. C alc 'd  fo r  CyHĵ Q02;
0 , 66.64; H, 7 .99  Found; 0, 66 . 66 ; H, 8 .0 8 .
Semicarbazone of the  Methyl e th e r . C o lo rle ss  c r y s ta l s ,  m.p. 228-229°. 
C a lc 'd  f o r  C0H15O2N3; N, 22.95; Found; N, 23.07» 23 .25 .
S t e t t e r ,  H.
Neuere Methoden d e r p re p a ra tiv e n  organ ischen  Chemie I I .  D a rs te llu n g  
L a n ^ e t t ig e r  Carbonsauren ausgehend von C yclohexandioen-1,3.
Angew. Chem., £j[_, 783 (1955)»
A survey i s  o ffe re d  of a new p ro duction  method o f long ch ain  carb oxy lic  
a c id s . In  th i s  method o rgan ic  r a d ic a ls  a re  in tro d u ced  in  the 2 -p o s it io n  o f 
1 ,3-cyclohexanediones and th e  C -a lk y la tio n  p roducts are su b jec ted  to  ac id  
c leavage and re d u c tio n . This method makes i t  g e n e ra lly  p o ss ib le  to  extend 
carbon chains by 6 atoms.
The re fe re n ce s  and examples d e a lin g  w ith  the  a lk y la t io n  o f d ihydro-  
re so ro in o l were o f p a r t ic u la r  i n t e r e s t  to  t h i s  p re sen t in v e s t ig a tio n .
I t  was c le a r ly  shown th a t  a lk y l h a lid e s  o th e r  than  the  m ethyl h a lid e s  
gave poor y ie ld s  (av erag ing  2Qffà) o f C -a lk y la tio n  p roducts , accompanied by 
25- 50^  y ie ld s  of the  O 'a lk y la tio n  p ro d u c ts . The m ethyl h a lid e s  and the  
r e l a t iv e ly  more a c tiv e  h a lid e s  such as benzyl c h lo r id e  and a l l y l  bromide gave 
C -a lk y la tio n  y ie ld s  averag ing  over 5O9L
A v a r ia t io n  o f the  a lk a l i  m etal in  th e  s e r ie s - L i ,  Na, K- has l i t t l e  e f f e c t  
on the d i s t r ib u t io n  of C- and 0 -a lk y la t io n  p ro d u c ts . With L i, however, the  
y ie ld s  o f bo th  are  much low er.
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S t e t t e r ,  H . and  D i e r i c h s ,  V/.
E in e  n e u e  M e th o d s  Z u r  D a r s t e l l n n g  l a n g k e t t i g e r  C a x h o n s a u re n , I ,  
D a r s t e l lu n g  e i n i g e r  e in f a c h e r  mono u nd  D ic a r h o n s a o r e n ,
Chem. B e r . , Q^, 6 l  ( 1952) .
The r e s u l t s  o f  th e  a l k y l a t i o n  o f  d ih y d r o - r e c o r s c i n o l  w i t h  m e t h y l - ,  









M ethyl- 45 min. 51.5 — mm 51.5
E th y l- 5 h r . 27.2 43.0 70.2
P ropyl- 5 h r . 26.0 32.5 58.5
B uty l- 5 h r . 28.4 26.4 64.8
C ety l- 24 h r . 27.0 51.0 78.0
S te t t e r ,  H. and D ie ric h s , Wolfgang
Eine neue Methods zur D a rs te llu n g  L a n ^ e t t ig e r  Carbonsauren I I I .
D a rs te llu n g  E in ig e r U n g e sa ttig te r  und P h e n y ls u b s t i tu ie r te r  Carbonsauren.
B e r ., 1061 ( 1952) .
The a lk y la t io n  of 1 ,5-cyclohexanedione (d ih y d ro -re so rc in o l)  w ith  a l l y l  
brom ide, l-brom o-cyclohexen-2, and w ith  benzyl c h lo rid e  i s  d esc rib ed .
A m ixture o f 1 ,3-cyclohexanedione, an e q u iv a len t amount of potassium  
hydroxide as a 20^ so lu tio n  in  w a ter, a few te n th s  o f a  gram of copper 
powder, and a  s l i ^ t  excess o f the  o rgan ic  h a lid e  was s t i r r e d  a t  room tem­
p e ra tu re  fo r  th re e  to  fo u r hours. In  the  case o f benzyl ch lo rid e  the 
m ixture was warmed on a  w ater b a th . D ilu te  sodium hydroxide so lu tio n  was 
th en  in troduced  in to  the  re a c t io n  m ixture and th e  a lk a lin e  so lu tio n  was 
e x tra c te d  w ith  e th y l e th e r .  Upon removal o f r e s id u a l  e th e r ,  the a lk a lin e  
s o lu tio n s  were a c id i f ie d ,  thus l ib e r a t in g  the  C -a lk y la tio n  products (h e ld  
in  s o lu tio n  as t h e i r  eno l s a l t s ) .  The fo llo w in g  y ie ld s  o f C -a lk y la tio n  
p roducts were re p o rte d ; w ith  a l l y l  bromide (75?^)* l-brom o-cyclohexene-2 
( 54^ ) and w ith  benzyl c h lo rid e  (lOfo)»
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Uidon, M,
C a ta ly tic  Decompositions o f s e v e ra l Complex A lcohols.
Ann. Chim., ( l l ) ,  1, 5-87 ( l9 3 4 ) .
The c a ta ly t ic  decom position o f s e v e ra l o (-e th y len ic  0(-g ly co ls  by passage 
over heated  pumice, alum ina o r reduced copper i s  re p o rte d . Complex m ix tures 
were ob ta ined  which con tained  s t r a i ^ t  ch ain  Of, ^ d ik e to n e s ,  c y c lic  f iv e  
membered e th y le n ic  hydrocarbons and c y c lic  o^-d iketones. A product o f the 
decom position o f d iv in y l g ly co l was 5-m e th y lcy c lo p en tan e -l,2-d io n e , m.p. 
104. 5° ,  which was ob tained  in  a 20^ y ie ld .  The compound formed a  h y d ra te , 
m.p. 70-79°* and gave a  dioxirae, m.p. 175°. An a lk a lin e  permanganate o x i­
d a tio n  of the  compound gave o x a lic  a c id , and a chromic ac id  o x id a tio n  gave 
only  carbon d iox ide .
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The h a s e  c a t a ly z e d  r e a c t i o n  o f  is o h u ty r a ld e h y d e  w i t h  l )  b e n z a ld e h y d e ,
2 ) c u m in a ld é h y d e , and 5 )  u - t e r t - h u t y lh e n z a ld e h y d e  r e s u l t e d  i n  th e  f o r m a t io n  
o f  2 - i 8o p r o p y l - 4 - a r y l - 5 , 5- d i m e t h y l - 6- h y d r o x y - l , ) - d i o x a n e s ,  w h ic h  w e re  h y d r o ­
g e n a te d  o v e r  R an ey  n i c k e l  t o  h ig h  y i e l d s  o f  2 , 2- d i m e t h y l - l - a r y l - l , 3-p r o p a n e ­
d i o l s .  The 1 , 3- d i o l s  w e re  h y d r o g e n a te d  i n  th e  p re s e n c e  o f  p a l la d iu m  and g ave  
n e a r  q u a n t i t a t i v e  y i e l d s  o f  2 , 2 - d i m e t h y l - 5- a r y l - l - p r o p a n o l 8 .
Is o b u te n y lb e n z e n e  was fo u n d  to  y i e l d  o n ly  one p r o d u c t ,  l - p h e n y l - 2- m e t h y l -
2 -b ro m o p ro p a n e , w hen i t  was r e a c t e d  w i t h  h y d ro g e n  b ro m id e  i n  th e  a b s e n c e  o r  
p re s e n c e  o f  p e r o x id e s .  F o rm a ld e h y d e  and is o b u te n y lb e n z e n e  g ave  5 , 5- d i m e t h y l -
4 - p h e n y l - l , 5- d io x a n e ,  w h ic h  c o rre s p o n d e d  t o  th e  same mode o f  a d d i t i o n  
o b s e rv e d  f o r  th e  io n i c  a d d i t i o n  o f  h y d ro g e n  b r o m id e . A new p r e p a r a t io n  o f  
is o b u te n y lb e n z e n e  was d e v e lo p e d , w h ic h  gave  th e  p u re  p ro d u c t  w i t h o u t  
e x t e n s iv e  p u r i f i c a t i o n  p ro c e d u re s  n e c e s s a ry  f o r  e x i s t i n g  m e th o d s .
5- M e t h y l - l , 2- c y c lo p e n t a n e d io n e ,  w h ic h  e x i s t s  e n t i r e l y  as an  e n o l ,  g ave  
a  b in a r y  m ix tu r e  o f  p ro d u c ts  w hen r e a c t e d  w i t h  n -a m y lm a g n e s iu m  c h l o r i d e .
The m ix tu r e  was shown t o  be a  r e s u l t  o f  th e  endo and exo  d e h y d r a t io n  o f  th e  
t e r t i a r y  a lc o h o l  fo rm e d  i n  t h i s  r e a c t i o n  b y  c a t a l y t i c  h y d r o g e n a t io n  t o  a  
s in g le  com pound, 2 - n - a m y l - 5- m e th y lc y c lo p e n ta n o n e ,  The e x p e c te d  h y d r o g e n a t io n  
p r o d u c t  was t e t r a h y d r o -.iasm o n e  and. a  s u b s e q u e n t i n v e s t i g a t i o n  r e v e a le d  t h a t  
th e  e n o l  s t r u c t u r e ,  5- r a Q t h y lc y c lo p e n t -2 -o n -2- o l - l - o n e ,  th e n  a c c e p te d  f o r  th e  
s t a r t i n g  m a t e r i a l  was i n c o r r e c t .  The c o r r e c t  s t r u c t u r e  o f  th e  e n o l  was 
e s t a b l is h e d  as 3- m e t h y lo y o lo p e n t -2- e n - 2 - o l - l - o n e .
The a l k y l a t i o n  o f  1 , 5- c y c lo p e n ta n e d io n e  w i t h  n -a m y l b ro m id e  g ave  s o l e l y  
th e  0 - a l k y l a t i o n  p r o d u c t ,  3- p e n t o x y c y c lo p e n t - 2 - e n - l - o n e .  A l k y l a t i o n  w i t h
2 - p e n t y n l  b ro m id e  gave  a  s m a l l  am ount o f  th e  C - a l k y l a t i o n  p r o d u c t ,  2 - ( 2-  
p e n t y n l ) - c y c l o p e n t - 2- e n - 3- o l - l - o n e  a lo n g  w i t h  a  p re d o m in a n t am ount o f  th e  
0 - a  I k y l a t i o n  p r o d u c t ,  3- ( p e n t - 2- y n o x y ) - c y c l o p e n t - 2- e n - l - o n e .
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